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'*The end of oiir foundation is tho knowledge of causes and 
secret motions of things." — Bacon. 

** What determines molecular motion ? Tho fundamental prob- 
lem of Nature." — Croll. 

''The direct action of the medium was the primordial factor 
of organic evolution." — Spencer. 



PREFACE 



In my former work, " The Origin of Floral Structures through 

Insect and other Agencies,"^ I endeavoured to prove that 

the direct action of the environment, in its widest sense, 

coupled with the responsive power of protoplasm, in other 

words, the two well-recognised factors of Evolution, are the 

sole and efficient causes of adaptive variations in i>lants. 

They have nothing to do with Natural Selection, the 

latter being, as Darwin says, "a totally distinct considera- 
tion." « 

Since, however, variations of structure are the sources of 
varieties of plants, and varieties are simply incipient species, 
it is clear that if the environment can be proved to be a 
perfectly efficient agent in stimulating the inherent variability 
of plants, the question at once arises, What, if any, aid does 
Natural Selection supply in the Origin of Species ? 

The answer to this depends upon another question, viz.. 
Does the environment induce indiscriminate, or, as Dan^'in 
calls them, "indefinite" variations? Such would be neces- 
sary for the Darwinian hypothesis, which erroneously assumes 

^ International Scientific Series, vol. Ixiv., 1888. 

^ Animals and Pli^nts under Domestication, vol. ii. p. 272. 

vii 



PBEFACB 

that plants, when they vary, do so indefinitely in nature,^ and 
thai the environment then (metaphorically) "selects" the hest 
fitted to survive. 

My reply is that a new environment doea not, in any sense 
of the term, " select "at all ; hut iMf indueee a j'lant to form 
dejinite, and not indefinite variations in nature. 

Lastly, definite variations are always in the diiectioR of . 
adaptation to the environment itself. I 

If this be so, then, as Darwin assures us, Natural Selection ■■ 
is not wanted at all, so far, at least, as the Origin of Species 
is concerned.^ 

The object of the present work is to snljstantiate these 
statements, and thereby to maintain the same view as to the 
origin of vegetative structures which I have advocated in 
my former work for that of floral structures ; so that the 
two books taken together, it is hoped, will furnish n 
tolerably complete proof of the truth that the origin of all 
plant structures issues from self-adaptation to the envi- 
ronment (directly or indirectly), without the aid of Natural 
Selection, 

I wilt now present in a concise epitome the object in 
view, viz., to prove that the Origin of Species in plants 
is solely due to the direct action of the environment; and 
to show that it is one which Darwin fully recognised as 

' " IndeliDitB Tariability is a much more common resnlt of changed 
conditions than dtfinite varlnbility."— Orijfm of Specks, 6th ed., p. 6. 
This wns Darwia'B fimdameiital mistake ; for cJuBnite variation id n law 
of nature. See in/™, p, 26. _ 

- Animal" and PJnntx nnder Di'ineBticatiun. ii. p. 27 [. 



PREFACE IX 

existing, but with the reservation that he thought it to be 
exceptional, instead of its being the rule in nature. This 
epitome will be more fully expanded in the First and Intro- 
ductory Chapter. 

I. Darwin asserts that Natural Selection has no relation 
whatever to the primary cause of any modification of 
structure.^ 
II. A changed environment — especially that of cultivation — 
stimulates variability, i.e., the innate capacity of vary- 
ing, which results in variations of structure. This 
fact is recognised by Darwin, Weismann, Spencer, and 
all other biologists. 
III. Under cultivation, variations, especially after several 
years, are often indefinite, as may be seen in wheat, 
maize, and in numerous garden plants (but not in 
all, as sea -kale and asparagus). Hence artificial 
selection is absolutely necessary. 
IV. In nature, variations are always definite, and not ex- 
ceptionally so, as Darwin thought. The consequence 
is that *•' all or nearly all the individuals become modi- 
fied in the same way." ^ 
V. The result of the proceeding is that a new variety, and 
thence a new species, would be prckiuced "without 
the aid of Natural Selection." ^ 

^ Animals and Plants under Domestication, vol. ii. p. 272. Cf, pp. 
250, 253, 256, 257. 
^ Origin of Species, 6th ed., p. 106. 
' Animals and Plants under Domestication, vol. ii. p. 271. 



IIilJ Darwin studieii plants in a state of nature to th&-| 
same extent ns cultivated ones, lie would soon have discovered 
that this lofit-mentioned result of the dii-ect action of the 
environment ia the rule, and not the exception. The conse- 
quence, however, will be seen to be of vital importance to 
his theory ; because, having started with the wrong aesunipfcion, 
that variations were indefinite in nature, juat as thoy so often 
are under cultivation, he was obhged to call in the imaginary 
aid of ^natural Selection to correspond with the artificial aid 
of man uuder cultivation.^ 

The truth, therefoi-e, which I propose to establish is pre- 
cisely that which Mr. Herbert Spencer has stated in the 
following words ; — ■" Under new conditions tho organism im- 
mediately begins to undergo cortnin changes in structure 
fitting it for its new conditions;" to which I would only 
add, that its offspring all alike carry on those changes till 
equilibrium is established between them and the external 
conditions of the environment. 

It is interesting to find that, though science was in a 
somewhat elementary condition in his day, Bacon was im- 
pressed with the truth of Evolution or the transmutation of 
species, though partly in a wrong sense, on much the same 
grounds as those which I shall advance in the present work ; 
and he also advocates experiments to teat it. As my readers 

' In a corieapondence with the late ProEcesor Bomanee last spring aa 
this subject, he wrote mo aa foUoWH :^" Of course, if joa could prove 
that indiscriminato [i.e., indefinite] vftriations have not oeoiirreii in wild 
plauta, but unlj under cultlvatiun, you would destroy Darwinism if 



(llyire. 



Mareh i: 
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PREFACE XI 

may not all know what he has said on the subject^ I will 
conclude this preface with a quotation from his writings. 

"Experiments in consort touching the degenerating of 
plants, and of the transmutation of them one into another. 
Century VI. 

518. "The rule is certain, that plants for want of culture 
degenerate to be baser in the same kind; and sometimes so 
far as to change into another kind. 

1. "The standing long, and not being removed, maketh 

■ 

them degenerate. 

2. "Drought, unless the earth of itself be moist, doth the 
like.^ 

3. "So doth removing into worse earth, or forbearing to 
compost the earth (as we see that water-mint turneth into 
field-mint, and the colewort into rape^ by neglect^ &c.). 

526. "You must make account, that if you will have one 
plant change into another, you must have the nourishment 
overrule the seed; and therefore you are to practise it by 
nourishment as contrary as may be to the nature of the 
herb, so nevertheless as the herb may grow; and likewise 
with seeds that are of the weakest sort, and have least 
vigour. 

"You shall do well, therefore, to take marsh-herbs, and 
plant them upon tops of hills and champaigns, and such 
plants as require much moisture, upon sandy and very dry 
grounds. As, for example, marsh-mallows and sedge upon 

^ Illustrated below, chaps, ii., iii., and ix. 
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hills, cucumber and lettuce seeds and coleworte upon a s 
plot; so, contrariwiae, plant bushes, heath, ling, brakes, upon' 
a wet and marehy ground^ This I conceive also, that all 
esculent and garden herbs set upon the tops of hills will 
prove naore medicinal,' though less esculent, than they were 
before. And it may be likewise some wild herbs you may 
make aallad herbs. This is the first rule for transmutation 
of plants." J 

To these acute observations of Bacon I would add th<n 
following remarks on the passages I have italicised ; — 

518, This view is now maintained by botanists ; though since 
Bacon's time it has beun asserted that cultivated plants degenerate 
into their wild and original forms. They, however, as Sir J^M 
J). Hooker maintains,' are, as in Bacon's words, "baser" forn 
of the same kind. 

3. Similarly Sir J. D. Hooker remarkE that Sraitica c 
var. oleifera, "may be a starved state of the turnip escaped fro; 
cultivation." * 

526. The experiment here suggested are just those which MlitiX 
fionnier and Flahotdt have carried out with plants of low nlli«9 
tudes and latitudes, by ii^wing them in higher ones.' 

' See beliiw, ohap. ii., fur experimentB with Ononis tfnnoia. 

' Pliny niited this Fact, which agrees with nature; vegetable pcuJuc 
aareAiDH, balaaniB, &&, are correlated with u drj ntmosphere. See tn/nl|B 
cliapv. iv. and v. 

» Intrudiictiiin to Flora 0! Taamania, pp. viii. in. 

* StiideoC'a Flura of the BrLti«h Isleti, p. 32. 

' Hefurred to below in tlie chapter on Alpine and Arctic plants. 
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THE ORIGIN OF PLANT STRUCTURES 



CHAPTEE I 

INTRODUCTORY: ON THE ORIGIN OF SPECIES WITHOUT 
THE AID OF NATURAL SELECTION 

Natural Selection Plays no Part in the Origin op Species. 
— I will now develop more fully the points emphasised in the 
epitome of my subject given in the preface. The purport, 
then, of this book is, I repeat, to prove that the origin of 
species issues out of the direct action of the environment, 
through the responsiveness of protoplasm in the organism 
itself ; and as we are all so familiar with the title of Darwin's 
work, "The Origin of Species by means of Natural Selec- 
tion," it is important to insist upon the fact that their real 
origin has nothing to do with natural selection itself at all. 
Darwin himself enforces this upon his readers, saying that 
the primary causes of the origin of variations of structure — 
which are, of course, themselves the sources of the origin of 
specific characters — are quite independent of natural selec- 
tion. 

His words are as follows : — ** The direct action of the con- 
ditions of life, whether leading to definite or indefinite results, 
is a totally distinct consideration from the effects of natural 
selection ; for natural selection depends on the survival under 

A 



a THE ORIGIN OF PLANT STECCTmiES 

various and complex circiun stances of the best-fitted indivi- 
duals, but has no relation whatever to the primary cause of any 
raodiiiciition of structure." ' 

Similarly with regard to cultivated plants and domesticated 
animals be says ; — " If we ask ourselves why this or that 
character baa heen modified under domestication, we are, in. 
moat cases, lost in utter darkness. Many naturalists, especially 
of the French school, attribute every modification to the 
'monde ambiant,' that is, to a changed climate, with all its 
diversity of heat and cold, dampneas and dryness, light and 
electricity, to the nature of the soil, and to varied kinds and 
amount of food. By the term definite action, I mean an action 
of such a nature that, when many individuals of the same 
variety are exposed during several generatiotia to any change 
in their physical conditions of life, all, or nearly all the indi- 
viduals are modified in the same manner, A now sub-variety 
would thus be produced without the aid of natural eelec- 

The latest writer advancing these views is Professor Eug. 
Warming in a paper describing the vegetation of Lagoa Santa 
in Brazil,* in which, after alluding to the many features char- 
acteristic of that dry region, he observes : — " II y a lieu de 
penser que ces adaptations se produiaent diroctement eona 



' AnimaU mid Flanta aader Domestication, vol. it p. 273. ^^M 

' Jhid., p. 271. ^1 

* Lagoa Santa (BriSsil), JEtade de OAigraphU Botanlque; Rev. Gdn. de 
Boi., V, p, 144, 1893. The above quotation ia abundantij illustrated and 
enforced tj the author in the work itself, entitled La'joa Santa ; EC Bidrag 
Id din bialojUtc Planiegeografi, af Eug, Warming (Copeob^en, 1893). 
Having sent him a copy ot my " replj " to Mr. Wallace, entitled *' The 
Origin of Speciea without the Aid of Natural Selection " (Natural Science, 
vol. V. p. 257), he writes me as follows :— " I am altogether in accordanee 
with your views, as you will have seen from Lagoa Santa " (Copenhagen, 
January 14, 1S5;). 
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rinfluence du milieu, et qu'il n'est pas besoin, pour les ex- 
pliquer, d'invoquer les lenteurs de la selection naturelle. 
Tout au moins le milieu physique peut agir directement 
pour d^velopper les Opines, pour diminuer la dimension des 
feuilles, &c. Ces modifications, directement d^termin^es par 
le milieu, seraient fix6es par la succession de milliers de 
generations." 

I would here add, that in 1851 Mr. Wallace observed that 
local varieties of butterflies and other groups of insects " seem 
to indicate that climate and other physical causes have, in 
some cases, a very powerful effect in modifying specific form 
and coloui*, and thus directly aid in producing the endless 
variety of nature." ^ Similarly, eighteen years afterwards. Dr. 
Weismann came to precisely the same conclusion, for he says : 
— "It must be admitted that there are cases, such as the 
climatic varieties of certain butterflies, which raise some diffi- 
culties against this explanation [direct influences upon the 
germ-cells]. I myself, some years ago, experimentally investi- 
gated one such case, and even now 1 cannot explain the facts 
otherwise than by supposing the passive acquisition of char- 
acters produced by the direct influence of climate." ^ 

M. Ed. Heckel takes the same view, for he observes, when 
discussing the origin of the bright colours of Alpine flowers : — 
" Je veux me rappeler seulement que le v^g^tal est dans son 
ensemble le r^sultat du plexus des forces ambiantes qui Ten- 
tourent, qui Fenlacent, et qui lui impriment son cachet morpho- 
logique en s'alliant aux premieres impressions plastiques donn^es 
par rh6r6dite." ^ 

Lastly, Dr. St. G. Mivart says: — "It seems, then, to be 
undeniable that the characters and the variation of species are 

^ On Natural Selection, p. 179. 

^ Essays upon Heredity, &c., Eng. ed., p. 99. 

3 BvU, de la Soc. Bot, de Fr., 1S83, p. 149. 
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due to the combined action of internftl and external agencies 
acting in a direct, positive, and constructive manner." ' 

The SoppoaBD Ekquibbmbktb op Uatuiial Selkction.— I 
may aaj, at once, that the conclusions arrived at by those 
and other writers are precisely what I shall endeavour to 
prove to be correct both from observation and experiment; 
though, as soon as a large number of seedlings put in an ap- 
pearance, natural selection at once steps in, so to say, with the 
result that all those with too weak a conKtitiition to maintain 
themselves fail to withstand the struggle for existence and to 
come to maturity, the stronger plants only proving themselvea 
the best fitted to survive. This process of selection, however, 
is quite independent of any raodiflcations in morphological 
structure, by which " varieties" or " sub- species," &c., are alone 



I would strongly emphasise this fact ; for when one speaks 
of " the survival of the fittest " out of the superabundance of 
g which are bom — the average number of those which 
s remaining constant — Darwinians assume that this sur- 
vival turns upon slructural differences, arising from "the law 
of variation," which Mr. Wallace describes as follows : — " Off- 
spring resemble their parents very much, but not wholly — each 
being possesses its individuality. This 'variation ' itself varies 
in amount, hut it is always present, not only in the whole being, 
but in every part of every being. Every organ, every char- 
acter, every feeling is individual ; that is to say, varies from 
the same organ, character, or feeling in every other indi- 
viduaL" ^ 

How, I would ask any Darwinian if there is any evidence, 
direct or indirect, that any such trivial morphological differ- 

• On the Development of tlie lufiividual and the SpeoitiH, &o. Proc. 
Zool. Soc., June 17, 1S84, p. 472. 
" On Natur.'J Selection, p. 266 ; cf. Origin of Speciaa, p, 34. 
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ences as are here alluded to are of the slightest consequence 
to a seedUng, so as to enable it to survive in the struggle for 
life, and what attempts have been made experimentally to 
test the truth or the reverse of this hypothesis) 

Let it not be forgotten, too, that specific and generic char- 
acters are more often taken from the flowers and fruits, organs 
which are totally undeveloped when the destruction among 
germinating plants takes place; and therefore they must be 
all put out of court so far as natural selection is concerned in 
bringing about the survival of the fittest. 

It has been suggested that a plant survives because, say, of 
some superiority in the structure of the flower, this feature 
being correlated with a more vigorous constitution than that 
of other seedlings, which die in a premature state. I reply 
that this simply begs the question, or is "putting the cart 
before the horse." A seedling survives among others solely 
because it is vigorous. This is capable of proof. And whatever 
flowers it may subsequently bear, it must be contented with 
them, whether they be the "best" or not for pollination by 
insects or otherwise. 

Moreover, in this definition, Mr. Wallace has omitted to 
state that morphological variations of any importance, as a 
rule, only arise in plants when the environment is changed. As 
long as a wild species is living, generation after generation, in 
precisely the same conditions, there are no such pronounced 
variations as are capable of giving rise to a new sub- variety. 
Nevertheless, the average number of plants is maintained, 
first, because thousands of seeds never germinate at all ; and 
secondly, of those which do, a vast number perish because they 
are too poorly nourished, and are soon crowded out of existence, 
to say nothing of the ill-luck of all that fall on stony ground, &c., 
or are devoured by animals. In corroboration of this statement, 
I would refer to my own experiments with small and large 
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aeeds selected from average bataliea of different kinds. They 
proved tliat the larger and better nourished have a much 
greater facDity in starting, and soon crowd upon the rest by 
growing more quickly into larger plants. Converaely, if small 
seeds he selected for some years, the plants either die out 
altogether by failing to produce seed, or a tiny race of beings 
is for a time maintained. 

Mr. B, J, Galloway has similarly experimented with radish 
seed. He finds that large seeda will mature their crop faster 
and more evenly than small aeeds ; 80 per cent, of the total 
crop maturing at the same time. The average that can be 
gathered from a crop from small seeds is only 50 per cent. 
In point of repeated crops or successive returns from the same 
ground, lai^e seeds produce five crops, while small aeeds pro- 
duce four.' 

Dakwin'b Fundamental Ehbok. — I think it cannot be 
doubted that Darwin was more than injudiciously hampered 
by limitiug himself to observations upon domesticated animals 
and plants ; and that, as a consequence, he founded his theory 
of the origin of species by means of natural selection in 
natuie on a false analogy, based on the artificial selectioa of 
cultivated plants and domesticated animals, among which, in- 
deed, Dr. Weismann says^ that natural selection does not 
occur at all. 

Mr. Wallace drew attention in his original paper on Natural 
Selection to the profound differences that obtain between 
domesticated auimals and wild ones, concluding bis compari- 
son with the following remarkable words : — " We see, then, 
that no inferences as to varieties in a state of nature can 
be deduced from the observation of those occurring among 
domestic animals. The two are so much opposed to each other 



' Neil, Scia 



J, No. 



p. 230. 



° EeeayB on Heredity, Ilc., 1SS9 (On Fauiiiixia), p. 90. 
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in every circumstance of their exiatenco, Ihat what applies to 
the one is almost sure not to apply to the other." ' 

Mr. Wallace was not alone in this opinion, for M. Pouchet 
insisted that variation under domestication throws no light 
upon the natural modification of species. Mr. Darwin saya 
that he " cannot perceive the force of his argmncnts, or, to 
speak more accurately, of his assertions to this effect." ^ 

This divergence of opinion from Darwin has not, I think, 
been hitherto sufficiently noticed or emphasised.' Neverthe- 
less, Mr, Wallace still advocates Darwinism, i.e., he Iielieves 
in the origin of species by means of natural selection acting 
on hypothetical variations of structure, which are erroneously 
supposed to occur indefinitely in nature, though he may differ 
from Darwin as to the amount of support cultivation may 
furnish to the theory. 

Curiously enough, as it seems, at least to mo, to he the case, 
it is under cultivation that the very conditions supposed to bo 
necessary for natural selection are best furnished : for the two 
chief requirements, or at least the best for natural selection, 
according to Darwin, are a number of individuals of the very 
same kind, and all of them growing thickly together.* 

Now cultivation would seem to illustrate this remarkably 
well ; for a farmer, for example, in raising a crop, first cleans 



' It ia alluded to by Sir J. D. Hooker. Introd. EsBay to the Flora o( 
Xunumia, p. Tii., note. 

* This was the condition supplied by Darwin in his experimeutB described 
in " The CroBS and Self-FertiliKation of Plants," and it is almost the only 
kind of Btmggle be will admit, as f ar aa the arigiu of species ia concerned. 
He does not seem to proride for plants growing in an uncongenial physical 
envirooment, but not nBceasarity crowded, as in the " wadys " ot dry water- 
is of the deaertg, to which reference will hereafter be made. 
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the seed so as to get an unmixed quantity of the same sort. 
A certain space of ground is prepawwl and sown with the one 
kind nlone. Thoy come up more or leaa thickly, their roots 
inteitmning within the same limited area, as, e.g., in a field of 
clover, Bo that thoy ate practically struggling for existence 
together. Hence these artificial conditions are just those 
which are supposed to be moat favourable for the action of 
natural selection. 

Indeed, Darwin has described an interesting case which 
occurred in his own garden. He grew some beds of Mimutms 
luteii* for seven generations. In the fourth self-fertilised 
generation a white variety arose which was highly self-fertile, 
and so numerous in its offspring that it completely excluded 
the parental form, to such an extent as to tender the experi- 
ments no longer really trustworthy.' 

The fact is, that the artificially prepared medium of a garden 
or a field is only one out of a multitude of environments ; and 
when seeds are sown in a garden, or wild plants transferred 
to it, they at first respond to their new surroundings in a 
perfectly definite and analogous way to their behaviour in 
water, deserts, arctic and alpine regions, or any other kind of 
district in nature. It is only after prolonged cullivaiiott, aa a 
rule, that indefinile variations follow. 

Let us now pass on to the case in which plants are not 
crowded, but grow in an uncongenial environment in nature. 
This is a condition which Darwin, as I have observed, has not 
sufficiently considered. He bases his theory of Natural Selec- 
tion on the utruggle hetween living organinmg, and to a much 
less degree on the environment. My contention is, that pre- 
cisely the reverse really obtains ; that morphological adapta- 
tions arise, and are maintained — not in consequence of any 



' CcoBB and Stlf-Fertili; 



', p. 67. 
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struggle with other living beings of the same or of different 
species — ^but solely through the direct action of the new en- 
vironment. The foUowing are Darwin's words :— " If a num- 
ber of species, after having long competed with each other in 
their old home, were to migrate in a body into a new and 
afterwards isolated country, they would be little liable to modifi- 
caiion; for neither migration nor isolation in themselves effect 
anything. These principles [sic] come into play only by bring- 
ing oi'ganisms into neio relations with each other, and in a lesser 
degree with the surrounding physical conditions." ^ 

In support of my contention I will take the case of the 
plants of the deserts around Cairo. There are plenty of indi- 
vidual in certain places, but they never grow crowded. They 
only exist on the dry beds called " wadys " or lines of water- 
courses, but they are always dotted about, never forming large 
masses, nor are there any areas containing a mixture of plants, 
as by our own roadsides, &c. There is absolutely no struggle 
at all with each other; but the struggle is all against the 
physical difficulties of soil and climate, and it is intense ; the 
whole structure of their anatomy being in strict adaptation to 
meet the difficulties of their existence 

In this latter case, therefore, natural selection, according to 
Darwin, can have no place at all. 

The question, however, resolves itself into this : which pro- 
bability or hypothesis do ths facts of the case seem to favour 
most, viz., that indefinite variations arise from some assumed 
internal causes, of which variations only those in harmony 
with the environment survive, and are said, therefore, meta- 
phorically, to be selected by it ; or is it that the external forces 
of the environment excite the variability which is inherent 
in plants, and call into action the responsive power of the 

* Origin of Species, p. 319 (the italics are mine); but c/. infraf 
pp. lS~20. 



piotoplaem in the various species of plants, which thus ait 
tend to put on the same or similar, or at least adaptive and 
definite vnriationa of one sort or another, so that there )tre no 
indiscriminate and wasted variations at all! I know an 
abundance of facts which support the latter contention, but 
none whatever in illustration of the former hypothesis.' More- 
over, experimental evidence can in several caaea be brought 
to bear to test the former, but no experiment that I con 
1 prove the truth of the latter ; simply because it 
to prove that the hypothetical internal and 
spontaiieous causes of variation are not themselves indirectly 
due to this very responsiveness of protoplasm having been pre- 
viously called into action by the environment. 

Now, bad Darwin noted more widely how rapidly many 
wild plants will change in various ways when placed in new 
conditions, he could scarcely have failed to see that the in- 
fluences of a new environment are not merely occasional, ex- 
ceptional, and slight, but that they are of well-nigh universal 
application, and often profoundly modify the histological, and 
thence the morphological, and consequently specific characters 
of plants. 

Tub Real Limitations op Natdsal Selection, — What 
natural selection really effects seems to me to be practically 
limited to three things, or even two — the first and third. 

First, the Hmitation of the number of individuals of one and 
the same individual kind or variety which comes to maturity. 



' Mr. Wallace observes in hia paper entitled "The Rev, George Hendow 
on Natural Selection," In jVolu™iS;imce,Septerabec 1891; — "Ilia ototmrae 
admitted that direct proof of tbe action of Natural Selection is at preaent 
wonting." In my " Reply " (Natural Science, October 1894) I aeked : — - 
"If it eiiat, why is it still wanting! Haa not one of the oiauy biologieta 
who have studied nature all over the world during the last five -and -thirty 
yeaca been able to fiud one aingle proof 1 " 
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In other words, the majority of offapring Eilways porisli in infancy. 
This I would call "Constitutional" selaetion.' 

Secondly, the "delimitation"^ of varieties and sjwdes, i.e., 
when intermediate forms die out and varietal and ei>ecifie 
forms become isolated. The reason why any parental type- 
form disappears, or, to speak more accurately, is not reproduced, 
when varieties arise, as on " tlie confines of the geographical 
area which a species inhabits, where the best-marked varieties 
occur, " ' ia because Ihe new environment compels all tlie off- 
spring to change in adaptation to itself ; or, as Darwin expresses 
it, "All or neatly all the individuals are modified in the 
same manner, A now sub-variety would be produced without 
the aid of Natural Selection."* Allowing for "survivals," 
the type-form is, therefore, no longer produced, as its offspring 
are continually advancing year after year, until a fresh perfect 
" eqidlibrial " adaptation to the new environment lias been 
secured. Hence no more individuals of the older type or of 
the incipient varieties {i.e., intermediate forma of various 
degrees) are produced. The last and most perfectly adapted 
variety having become stable, ia then, as a rule, the only one 
which survives and maintains its morphological characters by 



Xhirdly, there is the distribution, of species in consequence 



' Darwin frequently aUudas tn the importanoB of the " oonBtitution " 
of placta OS an element in their selection. See "Origin," Ac., 6th ed., pp. 
7. 9. 73. *c. 

^ This ia the function of Natural Selection which Sic J. D. Hooker 
recognises. His worda ore : — " Of these Hpeculationa by fw the roost im- 
portuit and philosophical is that of the delimitation of npeciea by natural 
selection, for which we are indebted to two wholly independent and 
originaJ thinkers, Mr. Darwin and Mr. Wallace " {Jtram. Linn. Sue. Zonl,, 
Tul. lit p. 45). Intr[>ductory Essay to the Flora of Tasmania, p. xi. 

' Hooker, op, cit., p. v. 

* Animalt and Flanta under Dumeetication, vol, ii. p. 271. 
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of some dying out from local causes, while others 
them in any given area or period. Similarly of ai 
arrivals, while soma can establish themselves, others may fail 
to do so. Such might be called the "Distributional" selec- 
tion of " survivals." 

This form of natural selection finda illustrations everywhere; 
though one cannot always say why any particular species is 
abundant in one place and not in another. As an cxamplo, 
the following notes have been supplied to me by Rev. Went- 
worth Webster from the South of France. He writes ; — "I 
cannot at all make out the differetiiia of soil and position which 
determine the very restricted and sporadic (so to say) habitat 
of the Daphne round Biarritz and in the Bidssoa valley, nor 
why the Anemone falffstis grows in some spots and not in 
others. I believe that I know the general conditions in which 
one may expect to find it, and where it is found if anywhere ; 
but I cannot explain its absence when all the requisite conditions 
appear continually ; but this anemone is sporadic only. The 
Gromwell dings along the coast, and I know almost to a yard 
where it ends on the red sandstone at an elevation of soma 
40a metres in this direction ; but soil and geological formation 
■within those limits of its habitat seem to have [no?] eCfeot 
on it. The liarcissi are still more baffling ; nor can I see 
that either size or colour depend on elevation. The Hepatica 
stops at the limit of the tidal wave, and is almost, as far aa 
I can see, confined to calcareous formations." ^ 

1 For Further diBCUsaiuDB on this subject the reader may be Teferred to 
f'Ufiutiuie chimigve rfu Sal lar ta Vigilalion det Sommets de> Alpa, par M. 
J. Valbt ; ShU. lie la Soc. Bot. de Fr., 33, 1S86, p. 35. Quelqua ObKrvationt 
aur la Rtlations mtre la Biiti-i/fulion dei Phanintgaraei et la Naltire 
ehimiqae dii Sol, par M, G. Bonnier ; Butt, dc la Soc. Bot. de Fr., 1879, ' 
26, p. 338. And Qudguet Molt lur Ics Caiuei de la Loeal-aation da Etpk 
d'une Rigion, pur M. Eattandiur ; BvIL de la Soc. Bot. de Fr., 1886, 3 
p. 189. 
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Representative Plants and their Origin. — A special fea- 
ture in the distribution of plants over the world is what has 
been called "representative forms." In allusion to these, 
systematic and descriptive botanists make use of such terms as 
" ericaceous," "cactaceous," "junceous," &c., or else adopt the 
termination " oidal " (like to), as " euphorbioidal," " muscoidal," 
&c., to distinguish the "facies" of certain groups of plants, 
not necessarily belonging to the same genus or even order, 
which suggests the use of the above and similar terms. More- 
over, these terms have often a geographical signification, and 
various groups are recognisable as characteristic of definite 
areas, such as deserts, marshes, arctic and alpine regions, &c. 

!N"ow it has been recognised by authors, as, e.^., Planchon,^ 
that there exists a connection between the exterior resemblance 
of many plants and the character of the region where they 
grow: in other words, that the identity in character of ^ the 
localities and their climates determines a certain conformity of 
habit and facies. 

Similarly, LinnsBUS had said in 1763 '.^ — "Primo intuiter 
distinguit saepius exercitatus botannicus plantas AfricsB, Asise, 
AmericsB, Alpiumque, sed non facile diceret ipse, ex qua nota 
nescio qusB facies torva, sicca, obscura, Afris qusB superba, 
exaltata Asiaticis ; quae Iseta, glabra Americanis ; quae coarctata, 
indurata, Alpinis." 

When one critically examines the plants possessing the same 
facies, one finds that it obviously lies in their outward morpho- 
logy, which is, however, of course correlated with the histo- 
logical characters of their vegetative system ; the reproductive 
organs retaining their generic or other characters, by which 
their classification is recognised. As well-pronounced examples 

' De9 Limited de la Concordance entre Us Formes, la Structure, Us 
AffiniUs des Plantes et leurs ProprUUs mMicindles, Montpellier, 185 1. 
* Philos. BoL, 122 (edit. Vienn. Aust. 1763). 
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ol Tepresentative pknts may be meiitioned the fiGsliy-stiGmmed'l 
Euphorbias and Stapelios, which Bimulate members of the Cac 
tace% ; Bimilarly the thick -leaved Aloijs of Africa resemble ths4 
Agavea of America, while Alpine Veronicas of New Zealand*! 
mimic Thujas, and even Lyaopo^iuin. 

Again, the spineacent features of many species are chara 
teriatic of dry desert regiona. Of these, certain species l 
country are represented by other species elsewhere, as in the 
deserts of North and South Africa, and in Afghanistan, &c. 

Conversely, if we select districts of an opposite character, 
namely, swampy places, we find the "junceous" type often 
occurring, being represented by plants having the blade of the 
leaf greatly reduced, as in CEnanthe fettdosa, which has its 
petiole swollen and hollow like those of some rushes. 

Representative plants may therefore be regarded as being 
such aa resemble one another in having similar vegetative 
stmctures and habits, correlated with similar external physical 
conditions. 

Plants may also resemble one another witbout being repre- 
sentative. This has often been observed of many parasites in 
which all green foliage is wanting ; a degeneracy of the tissues, 
and often of the reproductive organs as well, being character- 
istic features. Again, in insectivorous plants there are certain 
peculiarities which they have in common. The stems of woody 
climbers have been recognised as possessing certain similar 
anomalies, &c. 

Now the (jueation arises, what has caused these features 
which thus give rise to peculiar facies and similar structures 
respectively t The answer I propose to give is, that they are 
due to t?ie responsive pofoer of protoplasm, which, wnder the 
infiusnees of the external forces of the environment, builds up 
just those tissues which are the best Jilted to be in harmony with 
the environment in question. This at once accounts for the 
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aame features appearing in so many difTerent plants, and in a 
great number of places on tlie globe; for protoplasm of one 
and the same kind is the common property of all. 

The aigument in support of this contention is twofold, 
I'irst, that a distinct cause ^ and effect lie between the en- 
vironment and the adaptation is a generalisation based upon a 
vast number of coincidences in each case. This is the well- 
known argument of "accumulated probabilities," which, when 
they reach the high proportion which nature affords in the 
present case, amount to a " moral conviction " equivalent to a. 



Secondly, the additional proof is, with rare exceptions, forth- 
coming, viz., "the verification hy experiment." Beyond these 
two kinds of proof nothing more ia required. 

The Writer's and Darwin's Vikw Contbastbd. — It will not 
be amiss to state at this point concisely how this line of 
argument differs from Darwin's. The three factors of the 
problem are, first, heredity and atavism, or the tendency to 
reproduce the features of the parental or ancestral types in 
the offspring ; secondly, variability, or the power of changing 
structures ; and thirdly, the environment, oi the oxtemal con- 
ditions of existence. Darwin recognised the fact that beaidea 
the obvious " tendency " to reproduce the parent type (heredity), 

' It may be worth while adding bere tliat vera cauifC are themselveB 
unknown and unknowable, because we do Dot understand the nature 'if 
life, nor can we give nnj eiplanation of the " how " and the " whj " its 
concrete repreBentattre, " protuplatim," acts an it does. As there ia no 
uae in attempting to explain how protoplasm can build ap an; organism, 
animal or vej^etable, from the e^ to the adult state, eo is it equally use- 
less to look for the rera eauia of its building up one slightly different 
from the parent, when the seed grows Under new environmental cnndi- 
tioDs. " Self- adaptation," therefore, must not be regarded as " a cause," 
but onlj B term descriptlTe of the objective visible process of change 

(isb experiments offer foe our study. 
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thein was, wulei' ulimulufion, an equally obvious " temlency " to 
vary ; ^ and, as Profeflsor Huxley writes, " Darwin liaa shown 
that — giveu variation [variability !] and given change of condi- 
tiona^the inevitable result is the exercise of such an influence 
upon organisms that one is helped and another impeded [?] ; 
one tends to predominate and another to disappear ; " ^ so that 
" when a variety has arisen, the conditions of existence are 
such as to exercise an influence which is exactly comparable to 
that of artificial selection."^ 

It is here assumed by Professor Huxley that of the varia- 
tions, which are supposed to arise mainly spontaneously or 
"accidentally," some only are useful, i.e., adaptive; so that 
for teleology " Darwin substitutes," says Professor Huxley, 
"the conception of something which may fairly be termed a 
method of trial and error. Organisms vary incessantly; of 
these variations the few meet with surrounding conditions 
which suit them and thrive, the many are unsuited and become 
extinguished." 

There are fimdamental objections to the hypothesis as thus 
stated. 

First, variations do not arise accidentally or spontaneously in 
nature, as long as the same environment is maintained ; but 
since they do arise when it is changed, it is at least A priori 
probable that the latter first induces the right variation to 
appear. Secondly, there is not a strong A priori probability 
that nature, who made no mistakes nor adopted any " trial and 
error " system in the inorganic world — as in establishing the 
laws of gravity, light, heat, electricity, &c., and in those of the 
formation of crystals, chemical combinations, &c. — should be 



' PFoEesBoc Huxley deaoribes this tuadancy in " Uarwlniaua " as " being 
jeaaant " (p. 84), but " oooMionally " (p. 452), 
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SO often at fault, and to such an overwhelming extent as the 
theory requires, in evolving living organisms. 

Instead, therefore, of assuming the hirth and immediate 
death of infinite failures in the organic world — of which, too, 
be it observed, there is no adequate evidence forthcoming— is 
it not a much more feasible hypothesis that adaptive variations 
never arise until and unless they are wanted, while badly 
adapted ones never arise at all except as occasional ''mon- 
strosities," which no one would classify as " varieties " in 
nature ? 

There would seem to be some confusion between the terms 
** variability," i.e., a capacity for varying, and a "tendency" 
to vary. The former is an obvious fact; the latter is dis- 
putable. It is worth while considering this a little more in 
detail 

Becognising variability as an inherent property of plants, 
since it is obvious that they can and do vary, any innate 
tendency to vary may be questioned, as is, indeed, by Darwin, 
who says : — " Some authors . , . look at variability as a neces- 
sary contingent on reproduction, and as much an aboriginal law 
as growth or inheritance " ^ . . . " but falsely, as I believe." ^ 
Thus, some arctic plants (as Dr. Weismann points out) do not 
seem to have varied since the glacial epoch ; and as Sir J. D. 

^ Animals and Plants under Domestication, ii. p. 250. Darwin here 
clearly means by " variability ** an inherent tendency to vary, so to say, at 
all times. But as I understand the passage, he really agrees altogether 
vrith my contention, which I may express in his own words, which follow 
the above quotation : — " But we must, I think, take a broader view, and 
conclude that organic beings, when subjected during several generations to 
any change whatever in their conditions, tend to vary " (my italics). There 
is no necessity, however, for the words ** during several generations," as 
they may begin to change at once^ though the variations become emphasised 
and established and then hereditary after '* several generations." 

2 Op. ciU, p. 253. 

B 
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Hooker observed : " Some species remuin so long lieteditarily 
immutable as to give rise to the doctrine that all are eo 
normally," &c.^ Tliis, however, is not the same thing aa a 
capacity for varying, implied by the word "variability; " while 
this power to vary is not called into action until the necessary 
external conditions are supplied to excite it 

A Chahbkd Environment the Chief Caush op Variation. 
— According to some followers of Darwin,^ new and allied 
varieties only arise among the offspring of the parent types ; 
or, in other words, they do not arise in " distant areas," far 
from that occupied by the type. This, however, is opposed to 
Darwin's own view, am! does not i^ee with that of Sir J, D. 
Hooker, than whom there ia no more competent judge. 

As this is an important matter from the point of view of 
the origin of species taken by the present writer, it will be 
as well to quote some few of Darwin's observations, In his 
chapter on "Variation"* he says : — "Among animals which 
unite for each birth, and are highly locomotive, doubtf id forms, 
ranked by one zoologist as a species, and by another as a 
vtuiety, can rarely be found within the same country, but are 
common, in separate areas. . . . Local forma are moderately 
constant and distinct in eacli separate island" [of the Malayan 
Archipelago], 

In the following sentence, also, Darwin attributes tlie origin 
of varieties to different environments, for he says : ^^"Alphonse 
de Candolle and others have shown that plants which have 
very wide ranges generally present varieties; and tliia might 



1 bis cnrreBpondence 
with me. 

• Origin of Species, p. 37. 

' Ibid,, p. 43- See alao Walliice, On NatnraJ Selectian, "TocUtion u 
Bpeciully inSuenced by locality," p. 166. 



INTRODUCTORY 1 9 

have been expected, as they are exposed to diverse physical 
conditions. . . . Hence it is the most flourishing, or, as 
they may be called, the dominant species, — those which range 
widely are the most diffused in their own country, and are 
the most numerous in individuals, — which oftenest produce 
well-marked varieties, or, as I consider them, incipient 
species." 

In other words, there is this correlation : The greater the 
area, with its greater environmental differences, so much the 
greater is the number of varieties of a given species. 

But Darwin repeatedly says, only varying the expressions : 
— "Variations of all kinds and degrees are directly or in- 
directly caused by the conditions of life to which each being, 
and more especially its ancestors, have been exposed."^ So 
also he adds : — "To put* the case under another point of view, 
if it were possible to expose all the individuals of a species 
during many generations to absolutely uniform conditions of 
life, there would be no variability " [i.e., variations 1].^ 

Finally he writes : ^ — " Changed conditions of life are of 
the highest importance in causing variability, both by acting 
directly on the organisation, and indirectly by affecting the 
reproductive system." * 

These quotations will be amply sufficient to show that 
Darwin's own belief was that varieties did not, as a rule, arise 
among the offspring of type-species of plants which had grown 
for long periods in a definite area, but that some changes or 
other in the environment most readily acquired in nature by 

' Animals and Plants under Domestication, ii. p. 253 ; cf. pp. 250, 256. 

' Op, eit, ii. p. 255. 

> Origin of Species, p. 31. 

* The reader may also consult the passage " On the Accumulative Action 
of Changed Conditions of Life." Animals and Plants under Domestica- 
tion, ii. p. 261. 
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migration was, ofi a rule, requisite to stimulate variaLiJity or the 
innate (dormant) capacity for varying. 

The reader will observe that in those passages Darwin 
emphasises somewhat strongly the importance of changed 
conditions foe the production of variations ; but in the pas- 
sages quoted above ^ and in the following he would seem to 
elevate the oatore of the organism to the moie important 
position :— " We clearly see that the nature of the conditions 
is of subordinate importance in comparison with the nature 
of the organism in determining each particular fonn of 
variation."^ 

Perhaps, after all, neither one noi the other can be regarded 
OS the "more important," but that the response of the organism 
is precisely equivalent {if not all at once, it will he after some 
generations) to the action of the conditions. Tliis, at least, 
would correspond in plants to what Professor Haughton de- 
scribed (if I remember rightly) as the result of " the principle 
of least action " in nninia.lH : that is to say, the development 
of organ, muscles, bones, &c., is precisely proportional to the 
forces displayed. 

Sir J. J). Hooker, in his " Introductory Essay to the Flora of 
Tasmania," ^ devoted an article to " The General Phenomena of 
Variation in the Vegetable Kingdom," and observes; — "As 
a general rule, the best-marked varieties occur on the confines 
of the geographical area which a species inhabits." 

Again, in speaking of areas characterised by a remarkable 
uniformity in their phajnogamic vegetation, he says that this is 
associated with " an absence of those varying conditions which 
we assume to be stimulants to variation in a locality. On 
the other hand, it is in those tracts that have the most broken 
surface, varied composition of rocks, excessive climate (within 



' Supra, p, 9- 



' Origin of SpeoiSB, 



» Pago V. 
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the limits of vegetable enduraocc), and abundance of light, 
that the most species are found." ^ 

From the preceding quotationa it will bo gathered that both 
these eminent and experienced ivrileTS attribute stability of 
form to a permanency of the environmental conditions, and 
variations ot form to changed conditions in the surroundingB. 

My own esperionce entirely agrees with these observations 
of Mr. Darwin and Sir J, T). Hooker, I have carefully exa- 
mined, e.g., most of the British species of plants which occur 
in Malta. Not only, aa a rule, do they differ in details of 
structure from the English forms, but some have developed 
local varieties which differ even from the prevailing Maltese 
types. Such, however, never occurred intermixed with the 
common forms. 

Thus — to select four examples — Chickweed has four forms : 
(i) with petals considerably exceeding the calyx (known as 
grandifiirra), this has ten stamens; (2) a variety of this last 
with the petals not exceeding the calyx, also witli ten stamens ; 
{3) a similarly small-petaled form, but with three stamens 
(exceedingly common in England, but rare in Malta) ; (4) a, 
cleistogamous apetalous form, with (usually) two stamens. 

Sanwnr:ulus keleropkyllits is a form somewhat like Bavilotii, 
but not growing in saline water ; * {2) a form of the same type 
hut with different-sized leaves, &c. ; (3) two types of the 
" trichophylloua " form. None of these grew intermixed. 
Capsdla Biirm-Pmtoria. — The ordinary very common form is 
practically the Earae as in England, but there is a second with 



> It is an aDnn&I in Malta, nB it grows in small pools in the rocks, 
which dry up in smomer, I have grown it in England since May 1894. 
The "floating '' leaves at the prtsent time (January 1S9S) have com pletsly 
altered their form. From haiing been wedge-ehaped at the base with 
a orenftted anterior margin, they have become deeply lancJaiated or 
palmatiiid, with elongated flat and strap-like segments. 
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"greenish" corymbs, in consequence of the reduction in size 
of the petals. This occurred in one spot only, as fur aa I 
observed, though with many individuals. RammeiihiS Ficaria 
is always rejjreaented by the form eallhee/'ilia. 

These few observations, however, are only samples of what 
may be seen in any special " flora." Thus, Sir J. D, Ilooker 
often, after describing some special variety in "The Student's 
British Flora," givea its locality as being "maritime," "alpine," 
" sandy," &c. 

Lastly, if we take extreme cases, the question as to one 
variety issuing from a species in the same environment may be 
shown to be ft reductio ad ahsurdnm. Thus, if all species of 
Ranimeulus are descended from some one original type, how 
can the many aquatic forms liave arisen by variation on land, 
or, if it be preferred, vice versa ? 

Again, take the shrubby spineaoent species of Convolvulus of 
arid iliatricts, and the climbing species of ordinary soils and 
climates — what evidence is there of either form having been 
evolved from the other under the mme conditions in which it 
grows 1 

The preceding illustrations are ample to establish the belief 
that it is a new environment which excites the variability into 
action. The plant, having an inherent capacity for varying, 
but no inherent tendencij to do so spontaneously, responds to 
the external forces, so that its protoplasm builds up just 
those tissues which now place the plant and its offspring 
in a better degree of adaptation to their surroundings than 
they were in before. This process at once does away with 
indefinite, as well as all hypothetical and badly adapted varia- 
tion a. 

Various authors have speculated as to the nature of pro- 
toplasm, proposing to distinguish under that term more than 
one kind of "plasm" involved ia it. It would be quite 
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beyond my province to describe those theories, as they are 
purely speculative. I therefore prefer to regard the active 
agent in plants as "protoplasm," and to wait until something 
more definite can be proved to exist as to any. differential 
characters it may possess, whether of matter or energy.^ 

The Ultimate Process op Variation Inscrutable. — It 
must not be forgotten, however, that we can never reach the 
ultimate elements of the problem. The nature and mode of 
action of life are inscrutable. The question which lies at 
the bottom of all changes is one which Mr. Croll asked : ^ 
"What determines molecular motion 1" He observed that 
although physical forces are not only interchangeable, but can 
pass into those which, for want of a better expression, he 
would call " vital energies ; " yet, as he says, nothing we know 
of in the properties of physical forces can throw the smallest 
degree of light upon the above question. There is always, he 
adds, the " object " which runs through the whole of organised 
nature; which cannot be accounted for by means of the 
known properties of physical forces. In concluding his paper 
he says : — 

" If one plant or animal differs from another, or the parent 
from the child, it is because in the building up process the 
determinations of molecular motion were different in the two 
cases ; and the true and fundamental ground of the difference 
must be sought for in the cause ^ of the determination of 
molecular motion. Here, in this .region, the doctrine of 
natural selection and the struggle for existence can afford no 

1 For a refatation of Dr. Weismann's theory of " Germplasm," as far as 
plants are concejmed, the reader is referred to Natural Science^ vol. i. 
p. 171. 

^ What Determines Molecular Motion ? The Fundamental Problem of 
Nature. PhtL Mag., July 1872. 

3 It is this " cause " which I regard as the vera causa of all structure. 
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more light on the matter than the fortuitous concourae of 
atoms and the atomical philosophy of the ancienta." 

This observation aeema to agree with the foljowhig remark 
of Sir J. D. Hooker on the origin of the secretory glands of 
Nepenthes ,• — " The subsequent differentation of the secretory 
organs of the pitcher into aqueous, saecharine, and acid would 
ioUaw pari paamt with the evolution of the pitcher itseH, ac- 
cording to those mysterious laws which result in the correlation 
of organs and functions throughout the kingdoms of Nature ; 
which, in my apprehension, transcend in wonder and interest 
those of evolution and the origin of species." ' 

It is the source of that " object " of which Mr. Croll speaks, 
or "purpose," as Darwin called it, or "design," as it used 
to be styled by the older teleologists, which has baffled all 
philosophers. It was an easy answer to say that the Great 
Artificer designed and then created them by &fiat. Evolution, 
however, came to the fore and thrust all antecedent designs 
aside. But Evolution, after all, has only changed the supposed 
method of working ; it cannot account for the " object," nor 
for its origin, Mr. Croll's question is stiil unanswered. Culti- 
vation and experiment clearly prove that plants are plastic, and 
that they can respond to a changed environment ; but him 
they can gradually put on structures which, when completed, 
look as if they had been designed, is a question which is as 
incapable of being answered as the form in which the same 
problem is asked by Mr, Croll One thing, however, comes 
out clearly from the various statements I have gathered to- 
gether from many observers, as well as from their and iny 
own cxfieriments. namely, that the very outcome of the direct 
action of the environment is always the aggregation of the best 
possible structures (as far as one can judge) under the circum- 
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stances, in order to enable the plant to meet the conditions of 
the environment. Thus the " design " which might be thought 
to be seen in the forms and colours of flowers, I take to be 
only the natural and inevitable outcome of the actual visits of 
insects themselves. 

Nothing ever occurs anticipatory of an actual adapta- 
tion. This was the fundamental error of teleology, and it still 
lurks beneath any theory of natural selection which requires 
anticipatory favourable variations whereon it may act. The 
difficulty in accounting for them is not removed if it be 
thought that such favourable variations arise "fortuitously," 
or without any connection with the new environmental 
forces. 

Supposed Limits op Variation. — That the origin of some 
degree of variation is to be attributed to adaptation in response 
to the external surroundings of a being is probably admitted 
by all evolutionists ; but such variations are not regarded by 
many as capable of giving rise to characters which can 
ultimately become specific; nor as being of equal import- 
ance to variations arising from some hypothetical and internal 
causes, which are assumed to exist, in order to give rise to 
more pronounced variations; out of the number of which 
natural selection is said to preserve only such as may prove 
to be the fittest to survive, and so supply definite characters 
for the evolution of a new species. 

Thus M. Vesque ^ would seem to draw a distinction be- 
tween caracth'es phyletiques and adaptations epharmoniques ; 
but what I would maintain is that the former are only those 
of the latter kind which have become hereditary, new ephar- 
monic adaptations being continually added as plants readapt 

^ VEtplce VigiUdet Aim, des Set, Nat,, 6 Sdr. xiii. p. 5, 1881, 6 S^r. xiii. 
1882, p. 17 ; and BuU, de la Soe. Bot, de Pr., 1889, P* 41* ^^^ &lso 27ntor- 
tuehungen Uber Varialum, von H. Hoffman, p. 6. 
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themselves to new environjnents, thus giving rise 1 
varieties, species, and genera. 

Sir J. D. Hooker makes a somewhat analogous observa- 
tion : ' — '' Plants that grow in loiailitiea marked by sudden 
extremes of heat and cold are always very variable in stature, 
habit, and foliage. In a state of nature we say the jjlants 
accommodato themselves to these changes, and so they do 
within certain limits ; but for one that survives of all the seed 
which germinate in these inhoa]>itabIe localities, thousands die." 

Sir J, D. Hooker uses the expression " within certain limits," 
but does not say wJiat they are nor «% the thonsands of seed- 
lings die. 

The answer to the last statement I have already given. 
With regard to the former, I would venture to describe those 
"hraits" as follows, by saying that the limits of variation in 
those plants which succeed in adapting themselves to a new 
environment correspond with the necessary amount of change 
required, and agree with those recognised by systematic bota- 
nists as varieties, and ultimately species, according to the 
amount of variation necessary to put them into equilibrium 
with their new sutTOundinga. 

In a word, the adaptive variability of plants is itself actually 
the origin and regulator of all varietal and specific characters, 
as far as they are deduciblo from their vegetative system ; just 
as I have elsewhere shown that the same power is the origin of 
varietal and specific characters in the reproductive organs of 
plants. 

Definite Vakiation, a Natural Law. — Darwin purposely 
limited his observations to animals and plants under domesti- 
oation, as he says : ^ — " It would he travelling beyond my 

' HimDJayan Journals. See slso Introdaction to tbe Flora of TaBmaoia, 
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proper limits her6 to discuss how far organic beings in a state 
of nature are definitely modified by changed conditions." He 
then further observes : — (i) ^^ It is most difficult to distinguish 
between the definite results of changed conditions and the ac- 
cumulation through natural selection of serviceable variations 
(2) which have arisen independently of the nature of the con- 
ditions. If, for instance, a plant had to be modified so as to 
become fitted to inhabit a humid instead of an arid station, (3) 
we have no reason to believe that variations of the right kind 
would occur more frequently if the parent plant inhabited a 
station a little more humid than ustuxl.^ Whether the station 
was unusually dry or humid, (4) variations adapting tJie plant 
in a slight degree for directly opposite habits of life wouXd 
occasionally arise" ^ 

On this somewhat crucial passage I would offer the follow- 
ing remarks upon the sentences numbered and indicated by 
italics, (i) The "difficulty" Mr. Darwin felt lies in the fact 
that while, on the one hand, " the definite results of changed 
conditions " can be seen and verified by experiments, (as, e.g., 
by growing spinescent plants in a moist atmosphere, when 
they become spineless) ; on the other hand, that an " accumu- 
lation through natural selection of serviceable variations " ever 
exists at all is an d priori assumption which cannot be verified, 
nor proved to have any concrete existence. I would go further, 
and ask, since the former method is found amply sufficient (as this 
book will prove) to account for variations of all sorts and degrees, 
why is it necessary to assume any other unverifiable process 1 

Moreover, (2) Darwin makes a second assumption that such 
serviceable variations have arisen independently of the nature 
of the conditions. How can this be possibly proved ? Indeed, 

^ But compare this with the quotation {supraj p. 19) from ** Animals 
and Plants under Domestication/' ii. p. 253. 

' AnimaU and Plants under Domestication, ii. p. 290-291. 
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Dr. Woismunn repudiatea ail boutccs of variation other than ■ 
what external conditions give rise to. Hia words are :— " We 
are driven to the conclusion that the ultimate origin of here- 
ditary individual differences lies in the direct action of external 
influences upon the orgauiara." ^ 

(3) With regard to the third passage, it seems to me sur- 
prising that he should aay this, aa it is directly contrary to 
the universal experience of cultivators. The improvements 
are greater and more frequent from parents which have begun 
to vary themselves from inhabiting the new locality. CeterU 
paribus, this is equally true for humid stations. (4) The 
author here states hia position clearly, and assumes that suit- 
able variations woiUd arise occasionally. This again is a purely 
(i priori assumption, for which I venture to say there is not a 
shadow of foundation in nature. For example, no aquatic plant 
ever puts forth variations suitable for terrestrial life, unless its 
seed be scaen on land, or it be trans/erred bodily io soil out of 
water. It may t!ie7i, and often does, grow in adaptation to an 
aiirial and terrestrial existence. Nor docs a plant either grow- 
ing naturally or cultivated in good soil ever produce by seed 
a plant with the characteristic features of those growing in a 
desert, unless the seed be sown in the desert ; then the seedlingB 
grow up ioto more or less true " desert plants." Moreover, if 
a plant be transferred to a new environment, and it grow and 
leave seed, all the offspring feel the same effects of the external 
conditions and begin to grow in harmony with them. A certain 
proportion only may survive, but ample to carry on the varia- 
tions till a now type is established. 

Darwin only profeased to draw his analogies from animals 
and plants under domestication. He, however, does appeal to 
nature in certain instances ; thus he says ; — " Although we are 
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not here concerned with organic beings in a atate of nature, I 
may call attention to one case." He then refers to Mr, Mee- 
Iian'a account of European trees of various orders which under- 
went changes when grown in America, and adds ; — " Hence 
we are led to infer that they have been definitely caused by 
the loug-con tinned action of the different climate of the two 
continents on the trees." ^ 

Had Darwin not been determined to limit his observations, 
but had pursued the subject through nature as he has done 
under domestication, he would have discovered tliat this " one 
case " was but a sample of what ia practically a universal rule. 
It is the object of this book to endeavour to fill up this hiatus, 
and thence to draw a conclusion opposite in character to that 
of Darwin ; for having gratuitously restricted himself, he was 
evidently not prepared to foresee how forcible ia the argument 
of adaptation derived from plants in a state of nature. 

Darwin in the work referred to then proceeds to say :^" I 
will give in detail all the facts wliich I have been able to 
collect, rendering it probable that climate, food, &c., have 
acted so definitely and powerfully on tlie organisation of our 
domesticated productions, that they have sufficed to form new 
sub-varieties or races, without the aid of selection by man or 
of natural selection." The reader must be referred to the 
detailed account in the work itself,^ but it may be mentioned 
here that he gives seven kinds of flowers, three of variegated 
leaves, about fifteen of vegetable products, four of fruits, three 
of woods, and five of diseases (which of course have nothing 
to do with the origin of species). Besides the trees described 
by Mr. Meehan, he refers especially to maize, ivhicb, when 
transferred from America to Germany, became changed in two 
or three generations. But in truth there are many cases inci- 
1 A nlnmU and PlanU uadirt Dun 
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dentally alluded to in hia works which might be added, i 
for example, European sheep when tranaf erred to tropicij 
countries, as the Indiea, lose their wool, the hair becoming 
ailky in three generations, &c 

He observes generally on the above particular instances 
mentioned, that "the modifications referred to have been 
extremely slight,' and in moat cases have been caused, as far 
as we can judge, by equally slight changes in the conditions."- 
But can it be safely maintained that such changed conditions, 
acting during a long series of generations, would not produce 
a marked effect 1 My reply to this question is that it is pre- 
cisely the cose, and that such is the origin of species. 

Thb Pbesbnt Argument. — I will now proceed to explain 
more clearly the line of argument pursued in this book. The 
argument for the self -adaptation of plants, as a source of specific 
variation, in response to the direct action of the environment, 
is baaed on a very large series of facts. These consist, in the 
first place, of innumerable coincidences derived from the study 
of morphology and anatomy. They amount to so great an 
accumulation of probabilities that the alternative supposition 
is, to my mind, unthinkable. 

Secondly, it is supported and established by experimental 
r verification, Though the first method of proof is 



' The word " alight " here and elsewhere used b; Darwin may mialead ; 
far it ia a general rale that if the same genus ol plants is in dtfierent 
oouutries, it is repreaented by totally different species ; an, for exsiuiple, the 
Euphorbias (Spurgaa) in England and the cactus-like forma io Africa ; and 
if there be the same species growing in wild uncultivated land (and not 
merely a weed of caltivation lately introduced), it is uaually a variety, and 
not absolutel; identical with that of the other country ; thus a specimen uf 
Sotanum nigrum from the Galapagos lalanda in my collection, brought borne 
by Darwin, bas a very minute flower compared with that of raak-growing 
planta in English waste ground. 

Animals and Placts under Dameatication, ii. p. 276. ~ 
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really and amply sufficient, in the great majority of cases the 
second can be applied as well, and the evidence is complete 
and the argument established. 

In the preface I alluded to representative plants in antici- 
pation of my determination to take as illustrations plants of 
deserts and arid districts, alpine and arctic plants, aquatic and 
amphibious plants, maritime and saline plants, climbing plants, 
and in addition some miscellaneous structures. Each and all 
of these will supply series of evidences, so as to say, running 
parallel with one another, and mutually corroborating the proof 
derived from each respectively ; so that the argument based 
upon comparative anatomy will be seen to be cumulative. 
Direct experimental verification follows in almost every case. 

The Causes op Variation to be Investigated. — The fact 
was, that in arguing on behalf of natural selection, Darwin's 
attention was not directed to the inquiry into the causes of 
variations^ but solely to the selection of some and the destruc- 
tion of other variations, as are supposed to be the best fitted 
to survive or the reverse, respectively. Consequently, while 
natural selection was elevated to a position of importance, the 
tracing the actual causes or origins of variations themselves 
was a secondary, or even almost a neglected matter, from his 
point of view. 

Now, however, there is a wide- spread belief, both in Europe 
and America, that attention should be directed to this previ- 
ous question, viz., to the discovery of the causes of variations 
themselves. 

Mr. P. Geddes speaks very despondingly on this point, for 
he says : — " While the fact of the origin of species by evolu- 
tion is no longer disputed, nor the operation of natural selec- 
tion upon organic forms any longer denied, the absence of any 
general theory or rationale of variation in either the animal 
or the vegetable world is not only generally admitted, but 



often regarded as inevitable or even hopeless : variation to 
some writers being simply 'spontaneous' or 'accidental;' 
to others, if not fortuitous, at least dependent upon causes 
lying as yet wholly, and perhaps hopelesaly, beyond our present 
powers of analysis." ^ 

Similarly the late Professor Bomanes wrote so late as 1893 : 
— "The degree in which variability is indefinite, or on the 
contrary determinate, is a question which is not yet ripe for 
decision, nor even, in my opinion, for discussion." * 

If, however, it can be shown that varietal and specific 
characters are really attributal to the direct action of the 
environment, llien, and not till then, may the further question 
arise, viz., how far is natural selection required to preserve the 
best, or, to apeak more accurutely, to destroy the worst 1 The 
conclusion, which appears to me to be inevitable from observa- 
tions spreading ovei' a very large class of facta, is, that plants do 
undoubtedly exercise this power of self-adaptation, and that 
characters thus acquired become in time hereditary, if the 
conditions of the environment be constant. 

I would describe the process, therefore, once more as the 
result of the" responsive power of protoplasm on the one hand, 
and the forces of the external environment on the other. 
These two factors I take to be amply sufEcioot for the whole 
of the evolution of plant structures, without any aid from 
natural selection whatever. 

■ On the Nature and Cauaea of Variation in Plants, Trana. Bal. Soe. 
Edin., svi. p. 416. 

'-* Darwin and after Darwin, p, 336, note. 



CHAPTER II 

ORIGIN OF THE MORPHOLOGICAL PECULIARITIES 

OF DESERT PLANTS^ 

Introductory Observations. — The general fades of the 
flora of a country with a relatively dry soil and atmosphere 
is very observable ; and when it is found to be the same 
in widely separated countries, as in the desert regions of 
North Africa, in the arid districts of North-West India and 
of Afghanistan, in parts of Australia, in South Africa, in 
Brazil,* &c., so that these several countries aflbrd either the 

' This and the following chapter have been published in the Joum, 
Lin, Soc Bot, vol. xxx. p. 218, 1894. 

^ For an interesting description of the plants growing in a compara- 
tively dry region of Brazil, but of a somewhat less intensity than that 
of the African deserts, the reader is referred to the paper by M. Eug. 
Warming referred to above (p. 2). Many peculiarities mentioned by that 
author correspond more or less exactly with those I have described in this 
chapter. Grisebach also compares the South African region (Kalahari) 
with the Soudan : — 

''Les autres formes v^g^tales sont les mSmes qu'on retrouve dans 

d'autres steppes et deserts, ou bien elles signalent I'intime affinity du 

Kalahari et du Soudan. A la premiere catdgorie appartiennent lea 

plantes grasses (JS'upAor&ta, Mesemhrianithemum), les v^g^taux bulbeux qui 

ouvrent rapidement leurs fleurs apr^ les orages d'dt^ (ex. Amaryllis) ; 

parmi les arbustes, les formes de Spartium (ex. Leheehia), de I'Ol^andre 

(par Tentremise d'une Rubiac^e, le Vangueria) et du Myrte (par une 

Eb^nacee, VEudea)^ enfin, les arbustes h feuilles velues, particuli^rement 

fr^uents dans la savane {Tarehonanthui)" — V4g4t€Ltion du Olobe, vol. ii, 

p. 255-256. 
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same or "representative" plants, one infers (but of course 
at first merely on A priori grounds) that moat probably 
similar causes have produced these similar results. A closer 
inspection shows that the simUarities in the vegetative system 
of such plants, which often liave no affinity between them 
whatever, can be carried down into the minutest details of 
histological structure, and that a large proportion of such 
structures at least are always serviceable to the plants iu resist- 
ing the deteriorating effects of an insufficient supply of water, 
as well as of an excess of radiation, and other hindrances to 
such vigorous growth as is maintained in moister climes. 

We thus begin to suspect, indeed very attongly, that the 
various peculiarities (such, e.g., as the densely hirsute clothing 
and the consolidation of the mechanical tissues) are the direct 
results of the dry climatic conditions surrounding the plants, 
and that the unfavourable environment actually brings about 
tho production of just those kinds of structure which are best 
able to resist the injurious effects of the climate, and so enables 
the plant to survive under them. Such, at least, is the result 
of my own observations on the plants of the Egyptian deserts. 

The distribution of simUor forms of plants under similar 
conditions illustrates another fact We speak of "chalk- 
loving," " sand-loving," and other kinds of plants frequenting 
special environments ; but those phrases seem to be to a great 
extent misnomers. Plants by no means all or always "love" 
the soils alluded to, in which they are often found. Many 
flourish quite as well, if not better, in a totally different soil 
Ha^Ti^, however, been located in them for many generations, 
they have become so adapted to the peculiar conditions of 
the soil and climate, hy assuming such sb-udures €is are the 
bed under the circumstances, that they now succeed in them ; 
but at tlie same time many are always tacitly protesting, so 
to aay, against their environment, for they at once show how 
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much more vigoroiia they can become when they are grown 
in a different and more congenial soil.* 

Similarly we might just as well speak of desert-loving plants, 
corresponding to the term " Xerophile ; " but we know what an 
intense struggle for existence they have to maintain. Never- 
theless they have become so attuned to their difficulties, that 
when seeds of desert plants are sown in ordinary garden soil 
they almost invariably fail to grow at all ; " just as, while 
some water-plants grow more vigorously on land, others cannot 
now live if exposed to the air. Or again; with regard to many 
maritime plants, they will grow just as well, if not better, 
away from the sea, either by altering their structures, as Sam- 
phire does, by developing flat and thin leaves; or else they 
may retain their usual features, this being due to heredity. 
Thus Salsola Kali, the Prickly Glaaswort of our sandy sea- 
shores, has become one of the worst weeds ever introduced into 
American wheat-fields. One year's damage in Dakota alone 
is estimated at 2,000,000 dollars. It is described as taking 
complete possession of the soil, whilst its spiny nature makes 
it objectionable to horses and other animals.^ In this case the 
plant has not lost its spines by growing in a richer soil, and 
illustrates the fact that hereditary iniluencea often, if not 
always, lend more or less to resist the efi'ects of a changed en- 
vironment ; and just as new adaptations can easily become 
fixed in some cases, but with great difficulty in others, as in 
cultivating wild plants; so, conversely, while some features 

I See Battandier'a paper, Qaefqao Mot> tur la Cautet de la Loealitalion 
da Etpieci d'line SdgUia. Bull, de la Soc. Bat. de Fr., 1S86, p. 189. 

* Tliis has been the experience of Dr. E. Sicken be rgor ia Cairo, 
and my own in Eaglaiid. He wai good enougli to scod me a large colleC' 
lion of ceeda oollected by himselF from the deaeHa ; but nune gorminatod, 
though treated with the greataat care in a botbouBe, with the solitary 
ncaptiun of a Parutia, and this snon died. 
WtanoKt't BvUetin, No. 10, 1893. 
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are instantly lost, others are a^ rigidly retained, though it may 
be in a modified form. What, however, may be called the 
general " plasticity " of plants is now bo well recognised, that 
it affords us perfectly adequate means in accounting for the 
self-adaptation of plants, although it is far from being neces- 
aaiily applicable in every feature. 

I will now give some special characteristic features of desert 
plants, and then compare them with others growing in arid dis- 
tricts, to show the more or less great similarity which prevails. 

General Morpiio»ogical Chahacthes.' — On first entering 
the desert near Cairo, where plants are to be found, namely, 
along the lines of water-courses, which are dry all the year 
round excepting in February and March — for no plants occur 
on the higher ground at ail — the general appeai'ance is of low 
bushes or isolated tufts of a nearly uniform grey colour. The 
plants are never crowded or cover the ground like an English 
roadside. In other words, they do not struggle for an existence 
with one another, but only with their inhospitable inoi^anie 
environment.' The grey colour is mainly due to intense hairi- 

' The beat work I am acqnMnted with on the BtnictaFe of desert ptanta 
ie una by Dp. G, Volkena, entitled Die Flora der jEgyptiick-Arabimhtn 
WUile auf Omndla^e analommh-pliyeid.ogischer Foriekufgea dargtstdlt ; 
and the Epitome, Zar Flora der jEgyptUck-Ayabi»elien W'Sile, eine vorldu- 
fige Skiae. He gives eighteen pJntea (4to) illustrntive of the anatomy of 
a well-selected aeries of types. I huve fortunately been able to collect n 
large number of the aamo planta myself in the deserts around Cairo ; and 
fur nearly all the rest I am greatly indtibted to the kindness of Frofeseor 
E. Sickenborger, of the School of Medicine, Cairo ; ao that I have been 
able to eiamine anatomically nearly the whole serioa described by Dr. 
Volkona, and thua to supplement his observations in some degree in 
points he has not recorded. I would alao cefer the reader to the writinga 
o( M. P. Mauty, Atsoc Frant;. pour l' AvaneemmC dt Science, Conjria de 
Toitloute, 1887, alao MoraCs Joarn. de But., iL 1888, Rev. Bill., p. 101. 

' Similarly of the desert regions of Beluchiatan Dr. Aitchison aaya : 

" The barren character of the country and the want of indigenouB trees 
ia due to the extreme dryness of the aoil and aridity of the atmoaphere. . . . 
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nesa, wliich aubclues the green hue of chlorophyll. A few 
plants only, comparatively speaking, have no hair and are con- 
sequently greener, as the Bpeeiea of Zyjophyllum, which are 
flaahy-Ieaved plants ; but a coating o( wax is of frequent occur- 
rence, and this aids in giving a glaucous hue. 

The hail and the wax, as well a^ the fleshy character of 
the leaves, are all adaptations to arrest the loss of water by 
transpiration during the summer, 

Spinescbnt Characters. — The next obvious feature is the 
stunted character of the bushes ; three feet high being about 
the maximum size {Zilla myagroiden), with gnarled stems at 
the base. This is often coupled with a spineacent character, 
either in the branches {Zilla), or foliage (JEhhinops), or stipules 
{Fayonia) and bracts {CentauTea). These featuiea are, we may 
aay, undoubtedly in the main due to a want of water,' which 
alwaya prevents the formation of cellular tiasue, whUe thia 
deficiency of parenchyma is associated with a hardening of 
the flbro-vascnlar, mechanical elements. The converae condi- 
tiona are witnessed, e.g., in a plant of Zilla myagroidea, which 

Tbe struggle af plant liCa foe eiistunce is grpat. The plants wbich asa 
leen to eiist throngh it all are either nnnunls or those poswuing great 
root-Btoota, tubers, tuberous roots, rhizomea, bulbs, or other auoh struc- 
tural developments as iLsaist them to bafB« and snrvi™ through the ex- 
tremoH i>t temperMure." — A SiiiKiaaTy of Ike Botanical Feature! of the 
Caanlry traifried by the Afghan Delimitation Commiuion during 1884-S5. 
Tram, and Proe. Bot. Six. Edin., 18S9, p. 426. 

» So Mr. BBltio"TheNaturaai>t in Nicaragua" aaya (p. 46) :— "This 
Bpinf charactei of vegetatiou seems to be ohamcteristic of dry rocky places 
and tracts dF country liable to great drought." 

Similarly Grisebacb, describing the flora of Kalahari, South Africa, and 
■Hading to apineacent apeciea of Acacia, says : — 

" Tous portent dea dpines qui, ohes A, /torrida, ont $ h, & centimetres 
de longueur. Iio diviaiou limits du feuillsgo et I'exigniti! dea anrfacea 
Boot antant de traits en rnppnrt avec le ddveloppement des organes 
pii^uants etdo la odchereasu du aol." — La Viijit. du Qlohe, ii. p. 252. He 
olao alhidos to siuiilar features of the Tibetan flora (i. pp. 613, 614). 
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WHS the only species, out of many, raised from s 
liotanic Garden of Cairo by Dr. E. Sickenberger. It not only 
bore well-developed leaves, but the spines, though formed 
tbrough the forces of heredity, were very slender and sub- 
flaccid, instead of being intensely rigid. Aa an interesting 
illustration of a highly spinescent plant belonging to the 
Cucurhitaceoi, an order in which it would be least expected, 
is the Narras plant of CafFraria {Acanthoaieyos horrid^. It 
grows on the sandy downs on the aea-coaat It has no leaves, 
but double spines studded all over the branches, forming 
impenetrable bushes, which epreiid widely and attain the height 
of a man. It is curious that although the seeds germinate 
readily, all attempts to cultivate it in Europe have failed ; 
just as I have failed with many desert plants of Egypt. As 
examples of other remarkable spinescent plants may be men- 
tioned AcipliyUa equarrosa, of the order Uvihelliferm, described 
by Sir J. D. Hooker,^ and Polerium spinosum in Palestine. 

The hardening of the mechanical tissues generally, which so 
often results in special spiny processes, is brought about by 
drought and other conditions of the environment, and is one 
of the beat means for resisting the intense heat of the desert. 
M. de Candolle ' calls attention to this fact ; he says : — " Very 
bard wood resists heat because it encloses but httle aqueous 
juices, so there is but little to evaporate." Similarly he re- 
marks upon the great value of cork for resisting both extreme 
cold as well as extreme dry heat, as there will be a greater 
number of cells in the layers of cork filled with air, thus 
making had conductors between the external air and the cam- 
bium layer and alburnum. Thus, old trees resist cold better 
than young ones. On the other hand, endogenous trees, having 
no bark, only grow in warm climates. In some, as the Date, the 

' Flora of New Zealand, vol. i. p. 87. 
^ Easai ^^aeaiaire de QiographU Bokmique. Diet, dcaSei. Nat, voLxviii. 
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bases of the leaves, especially if they decompose iuto fi liiiiry 
covering, may supply the place of it, 

The evidence in support of the assertioa thitt spines nro tlie 
direct outcome of the environment also rests upon the well- 
known fact that there are many instances of plants losing their 
spines altc^ether when grown under other circumstances. This 
variableness in the spinescent character of plants is no new 
observation. Thus G. G. Kiichelbecker, in a Dissertatio Bota- 
nico-phyaica de Spinis Planiarwn {a.d. 1756), wrote as fol- 
lows : — " Sunt autem, qusedam plantie, qua oundem semper et 
vbique seruant in extensione auperficiei liahitum, cum contra 
ea alice, pro varia soli et culturie indole, formam hanc alias 
sibi propriam deponant, vel tamen manimam aui partem mutent, 
ita vt, quEe glabra antea eront, nunc inroqualitatem niagis 
miuufiue eminentem induatit, atque euum plane dcposuisse 
videantur habitum superficiei ptistinum " (pp. 9, 10). 

He then refers to Linniena' Philoe. Bot., p. 215, § 771: — 
" Spinoste arborcs cultura sfepius deponunt spinas in hortis. 
. . . Uirsuties loco et tetate facillime deponitur." Again, I.e., 
p. 247, § 316:— "Solum mutat plantas, vcde varietatea enas- 
cuntur, tt, mutato eodem, redeunt. Hinc Acanthi molles et 
acoleati ; C'inarce aculeatte et non aculeatte." 

Similarly at the present day Peai-s, species of Rose and 
of jPrunug, &c., are well known to lose their spinea under 
cultivation. 

Grisebach observes generally, witJi regard to spinescent plants : 
— " Quand on voit que I'estension g^ographique des plantes 
6pineuses est en rapport avec la s^cheresse du climat, ainsi que 
cela a etS d^montri5 diins une section pr^cddente (torn. i. p. 
417), il n'y a plus k se demander si c'est ce fait, on celui 
admis par Linn^, qui interpri:te le mieux la signification de tcls 
organea, II est certain que ce qui caracterise ^minemment les 
B^ations de la nature, c'est la tendance k r^aliser simultan^ 
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ment, b. I'aide dee mSmes moyetiG, les fins vitales les pliri 
diveraes ; en sorta que !es modifications ausai pcu considerables 
que possible apport^s au developpomeot d'un organe, paraissent 
correapondre tantSt plus k un but qu'i un autre, selon que l'« 
ou I'autre est favorisd davantage."' 

Ononis spinosa, L., has an excessively spiny variety, Hot 
growing in maritime sanda. It is much less spiny in 
places by roadsides, &c., and becomes the variety ' 
elsewhere. This latter form of the "sub-species" repens o 
be produced, temporarily at least, at will ; for when ' 
ordinary spiny form, 0. npiruisa, is grown either in a very rich 
soil, with an abundance of water, or in a moist atmosphere, 
whether the plants be raised from cuttings or seeds, they 
gradually lose their spines. Those first formed under these 
conditions are much reduced in size and in rigidity. Heredi- 
tary influence is too strong to arrest them at first altogether.; 
although none are produced later on vigorous shoots growing 
in a saturated atmosphere. They reappear as soon as the same 
plants are allowed to grow in the ordinary way. It may be 
added that when the spines are arrested, the peculiar odour of 
repene is present, and the flowers also are larger and are Wte 
those characteristic of that sub-species.^ 

M. Lothelier' carried out very similar expsriments with 
other apinescent plants. He thus found that by growing 
s vulgaris in a moist atmosphere, it bore no spinescent 



' La Viij. da. Globe, ii. p. 251-252, 

' Such were the raaulta of my avfn enperimente in 1891-92. I rMsed 
planta from the eeede obtained from these ptiuita in 1S93, to see if the 
hereditary trait of producing spines becomes less pronounced in Bacceaeire 
geaeratioDS. In August the planta had only grown to about five inches 
in height in consequence of the great drought ; but up to the date of 
writing this (August 15th) they had developed no spinea. 

* Rev. Q6n. de Sol., 189a. p. 276 ; Bull, dc la Soe. dt BU. de Fr., iSgt^ 
iKivii. p, 17G ; Cati^let Rendui, iSgi, cxii. p. ill. 
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the parendLymti was well formed between the ribe 
and veina, but in a perfectly arid atmosphere it bore spines only. 
Intensity of light also favoured their production. He found 
from a microscopical examination that in a section of a spine 
exposed to moist air the vessels of the xylem are few in 
number and the pericycle is not lignified. In a dry air the 
xylem forms a continuous ligneous circle and the pericycle ia 
also lignified. I have myself repeatedly corroborated this 
observation of the special consolidation of fibrous tissues in 
several instances in different species of desert plants. This 
consolidation of the mechanical elements may he perhaps 
explained as a secondary result of the relative abundance of 
tlie assimilative tissues of desert plants ; for although the 
leaves themselves may be very small, their pahsade layers are 
often two, three, or even four in number, and equally developed 
on both sides of the lea£ "While tliere is a great arrest in 
area of the parenchymatous tissue — due to the feeble water- 
supply— the organised products are mainly utilised in the ligni- 
fication of the supportive tissues. 

Conversely, if plants he etiolated by being grown iai the 
dark, while the parenchymatous tissues are relatively in excess, 
such as the pith and cortes, M, Eauwenhoff has shown that 
the mechanical tissues are greatly reduced, the assimilative 
tissues being quite incapable of any activity.' 

Another instance is supplied by our common water-reed 
Phragmiteg communis. This grass is very abundant in the 
Nile Valley, growing in places which are not artificially irri- 
gated. It covers large areas of waste ground outside Cairo, 
forming a stunted growth, the leaves being very short and 
sharpt-pointed. It has been named var. isarica. Close to the 
Nile, however, in Rhoda Island, it grows nine or ten feet high, 
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with loug leaven almost exactly like the plants iu Erigliah 
rivers. In many places the two forma of leaf are on the 
stem, BOmetimeB even alternating with each other, 
the idea that the leaves were elongated, or ahbreviated and 
spinescent, just as the plant happened to have sujficient wat 
at its disposal or not. 

In this plant we have, therefore, a varietal character, which 
is quito inconstant, as it varies repeatedly even on the same 
stem, and which has not become relatively fixed, though deemed 
worthy of a name. 

Such and other facts show how completely relative many 
varietal and even specific characters may he. They may have 
every degree of constancy, but they can often easily change if 
the environment be altered, till other characters take their 
place, which may then become relatively fixed in their turn. 

I have said that all observations tend to prove that the 
great reduction of the parenchymatous tissues, and a corre- 
lated hardening of the mechanical tissues, so that a spinescent 
eharactflr becomes very characteristic of desert plants, are 
simply the inevitable results of the action of the environment. 
That this is so is corroborated by an experiment of M. Duchartre 
on the effect of drought upon Dioec&rea hataias} 

Some tubers of this plant produced long shoots, but without 
being allowed to have any water at all. The effect upon the 
stem was that it acquired excessive rigidity with no helio- 
tropisra nor power of climbing. Although the stem was much 
more slender than normally, there was a marked predominance 
of the elomenta of consolidation. The fibres had very thick 
walls and a minute lumen. The periphery of the central 
cylinder showed a zone of perceptibly greater thickness than 
usual, consisting of fibres of small diameter, but with walla of 

1 EuU.. de la Soc. Hot. da Ft., 1885, p. 156. 
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greater thickueas than usual. This appears to have been the 
pericycular zone bo commonly differentiated in herbaceoUB en- 
dogenous stems. SimUatly, the coUenchymatous curds at the 
angles were quite as much developed aa in normally grown 
stems. 

Moreover, all these well-developed mechanical elements of 
consolidation in the Dioscorea were in a greater relative pro- 
portion, in confiequence of the considerable reduction which 
the parenchymatous tissues had undergone. 

The leaves were small and undifferentiated, the parencbymu 
between the veins being much arrested; the stomata were 
undeveloped, and the palisade and lax central parenchyma all 
alike and unformed in character, except that the two of four 
larger layers in the centre had no chlorophylL 

From the above brief epitome of M. Duehartro'e experiment, 
it will be seen that, so far aa the small amount of parenchyma 
and the great density of the mechanical elements of the fibro- 
vascuiar tiaaues are concerned, we have an exact parallel be- 
tween desert plants and the Dioscorea grown without water 
in the dark. Hence this experiment, together with that re- 
ferred to above, are sufficient to completely justify the conclu- 
sion that the indurated character of the mechanical system, aa 
well as the spinescent features of so many desert plants, are 
simply the immediate results of the effects of the comparatively 
waterless character of the environment. Lastly, it must be 
borne in mind that the spinescent character is hereditary, 
and although the rigidity begins to break down under cultiva- 
tion in a moist climate and a good soil, the spines may 
still be formed, but become gradually modified, and finally 
disappear, reverting to leafy branches, as has occurred with 
cultivated Pears and Plums and Ononis, or back into leaves in 
Berheris. 
I That " xerophilous " peculiarities of plants are not only cor- 
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related with, but actually caused by the arid conditions erf ' 
their environment, is also the conclusion of Professor A. F. "W. 
Schimper,' who has lately studied the flora of Java. He finds 
that the plants of the shores, Alpine plants, those of the sol- 
fataras, and epiphytes, although very difTerent from each other 
in a, classifnctory sense, all present common characters in being 
strictly " xeroplulous." In all, the leaves are small and thick, 
there is a strong cuticle, the stomata being at the bottom of 
" crypts," the intercellular spaces reduced, hairs more abundant, 
the water-storage tissues present, &c. The author concludes 
from hia observations that among the causes capable of deter- 
mining the development of these various adaptations of defence 
against a temporary or permanent inaufSciency of water, are the 
dryness of the atmosphere and soil, a strong insolation and rare- 
faction of the air, the richness of salts, or a Coo low temperature 
of the aubatratum. The stunted condition of the plants of the 
aolfataras and of the shores would be due to the too great abun- 
dance of salts in the substratum, which has the reault of reducing 
the assimilation of carbon. 

As a corroboration of the preceding it may be added that 
MM. J. Vesque et Ch. Viet^ came to the same conclusions, 
namely, that the fibro-vaacular structures were much more 
developed in a dry than in a moist atmosphere. 

I will conclude &h section by quoting another eorrohorative 
remark of Grisebacli : ^^" An nombre de phenomfenes g^n^rale- 
ment r^pandus figure le d^veloppement des Opines, phSnomfene 
qui va en croissant avec la a^cheresse du climat. Les arbustes 

' Uther Sthutzniilid tiet Lauhet gegen Tranipiration, baonders in lier 
Flora Java't (MittheiluDgen sub den Sitzungebericbten der Kiinig. prensii, 
AktuleiniH der WisBensehaftEii zu Berlin, 1S90, Heft vii. IO45). See nlso 
Rev. (Hn. dt Sot. for 1S92, p. 364. 

' lie rinjtveace du Miiiea aur la Slfuclure anatoimque des Vigilatac 
Ann. Set. /Va(. Bot., S6t. 6, ban. lii., 1881, p. 167. 

' La ViyitaliiM du CUobt, ii. p. 197, 
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dpiueux I'luB petits qui habitent les steppes usiatiqiies et lea 
solitudes dii Sahara p^^trent dans les aavanes de la contr^e 
basse du Soudan {Tragacantha, Alkagi). L'exemple le plus 
remorquable do ce fait est foumi par la Sider {Zizyphue spina- 
Ohriati), qui, sous la formo d'un aibuste ou arbre nain, a'etend 
depuia la Palestioe jusqu'au Sennaar et au Boroou. Mais dans 
le Soudan le d^veloppement des opines n'est point limitti atix 
arbuatea aaiatiquea do petite tuille, ou i la forme de Sodado, 
puiaque mSmo les arbres, notomment les Acacias, aussi bien 
que las plantes graaaea, sont ^alement arm^ d'organea piquanta. 
Dans la K^ubie la majoritti des arbies sont ^pineux, et il poiait 
que dans certainee parties do t'Abyaainio et dans le Bornou il 
n'eat pteaque point de vegetal ligneui sans epines. Une chose 
aemblable est rapportee par M. Livingatone relativcment aux 
conti^es oonfinant avec le Kalahari, tandis qu'au contiaira cetto 
organisation s'^vanouit sui le parliige dea eaux dans la direction 
du Congo." 

FouAOK OF Dkskbt Plants, — Another reault of the de- 
ficiency of water is the small size of the leaves of desott plants, 
thereby leasening the surface of the transpiring organs ; or elao 
they are suppressed almost, if not qtiite, altogether, as in 
Retama, Anabaeis, Ephedra, and Tamarix. Many plants pro- 
duce fair-sized leaves in the early spring as soon as the rainy 
season has arrived, but none or very small ones later on, aa 
ZiUa, Alhagi, Siatiee, Sea. The inrolled margins of the leaves, 
which make them assume the form of a more or leas closed 
cylinder, is another common contrivance.' 

Now whilo thia reduction of surface is beneficial by lessening 
transpiration, we must remember that it is aimply the result of 
drought This is piysved in several ways : first, one and the 
same plant wUl produce much larger leaves in Mai'ch or April, 

' Rhododendron lunveB temporarily asBUmed » preciBely aimilar form in 
the grtuC froet of February 1S9;. 
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when a good supply of water is at liand, but minute li 
June, wheu the supply is deficient ; secondly, if the same plant 
be grown in the Nile valley, it ceases to produce the smaller 
summer foliage and resembles the ordinary herbaceous leaves of 
temperate climates. Thus Salvia lanigera growing in the delta 
has flat leaves eight inches long, but when in the desert they 
are only about two and a half inches long with the margins 
inrolled. A similar variability is a common phenomenon and 
is well known ; for nnmeroua instances might be given of 
leaves varying in form and structure on the same plant, or on 
different individuals, according as they develop at different times 
or imder dJtFerent circumstances ; or again, if the plant have 
been transplanted, say, from a hot to a cold, or from a dry to a 
■wet locality ; or again, from a low to a high altitude, or vice 
versa. Mr. Groom records a case of an orchid, Renantkera 
albescens, which naturally Bcramblea over plants, growing on 
hot, open, sandy heaths. The specimen was transferred to the 
Botanic Gardens, Singapore, where it grew under the shade of a 
well-foliaged tree. Aa might be expected, the form and ana- 
tomical details of the new leaves became much altered. Mr, 
Groom gives a series of comparisons showing how the cuticle 
decreased in thickness, while the dimensions of the leaf increased 
in length, and became diminished in thickness, &c.' 

Mr. Scott EUiot ^ has independently arrived at a very similar 
result aa to the cause of the small size of tlie leaves of the 
" ericaceous " type which prevails in parta of the Cape and of 
AustraHa. He observes : — " The climate (of the Karoo) ia 
characterised by a long and dry summer and by plenty of wind. 
Such conditions obviously favour transpiration. . . . Hence the 
small and exceasively coriaceous leavea of these plants without 



' AnnalB of Botany, vii. p. 15. 
' NdChb on tbe Hegianal Dial 
[?. Edm,, 1S91, p. Z41. 
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mucli Bpongy parenohyma are thoroughly suited to the climate. 
We may even, I think, go a step farther, and say that the 
physical coaditions have produced this form. . . . With regard 
to leaves, certain observations, which are not yet extensive 
enough for publication, as to the variation in ei^e and texture 
of the leaf in the same species in diiTerent habitats, strongly 
incline me to believe that the smallneas, cuticularisation, and 
want of spongy parenchyma in the leaf oil follow directly from 
such conditions." 

Similarly Professor Eug. Warming attributes a similar result 
to climate, especially the dryness of the atmosphere on the 
Campos of Lagoa Santa, Brajsil. lie writes : — 

"Lorsque les feuilles ne soot pas tomenteuaes aur les deux 
faces, ellea sont ordinairement raidea et coriaees ; les feuilles 
de pluaieurs espkies, f^tees par le vent, font entendre un bruit 
de cliquetis ou de cr^celle tihs extraordinaire, tels sont certains 
Saivaiia, Voclnjsia, le Palicourea rigtda ou ali-epitans et cer- 
tains Bovibax. La majority des especes arborescentes ont les 
feuilles dures et coriaees, h. quelque famille qu'elles apparti- 
ennent." ^ 

These and other features everywhere characteristic of plants 
growing permaneutly in arid districts are often noticeable in 
other plant* when only temporarily subjected to great drought. 
Thus Sign. Boloa writes me from Olot (Geneva) about ^os« 
eepium. He says : — "In consequence of a great drought such 
a transformatioD took place in a plant of this species that it 
became unrecognisable. The stalks, leaves, and flowers were 
reduced to half their size, the stems became much more thorny, 
the leaves, calyces, and flowers much more glandular." 

B illustrates what I shall have more than one occasion to 
to, viz., that it is only a question of degree between an 



' Op. eit,, p. 155 (aupro, p. z). 
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sccidentLd and transient effect and a persistent and heredita 
one. The difference simply resides in the duration of the 
climatic; influences, 

Besides the general reduction in size of the leaves, plants in 
the desert reach the " suhaphylloiia " and "aphyllous" condi- 
tions. The degradation in the size and form of the leaf passes 
through many degrees ti]l the leafless stage is reached, as in 
Ephedra and Retama. Just short of that, the leaves are 
minute, scale-like, eloaely adpressed against the stem, and as- 
sume the appearance of the foliage of Thvja, Cupi-essu», &c. 
In the desert this form is well seen in Anahtms arliculata and 
Salsola Paehoi. Such leaves may terminate in sharp points, 
as in CornvXaea macraniha, just aa on our English Salsola Kali. 
This last-named genus adopts hoth forms, just aa Reiinospora 
may have them, even on the same plant. 

That drought is the main cause is inferred from the fact 
that similar forms occur on plants in rocky and arid mountain 
regions at high elevations. Thus while in New Zealand 
nearly aphyllous species of Veronica live at an elevation of 
7000 feet, Veronica Thvjioides is found at a lower but still 
high elevation. Similarly Thujas (Biotas) are trees and 
shruhs of considerable elevation. Very many coincidences 
here offer the same grounds in support of the contention that 
similar causes have brought about similar results and produced 
these mimetic and specific forms in genera of widely different 
orders. Thus Taniarix in Africa may be said to "represent" 
H<doxylon Amvwdendron of Beluchistan and the Oriental 
steppes (Aitchison and Grisebnch), Casuarina of Australia, the 
Thujas of Japan and California, Verrmica T/iuJioides of New 
Zealand, &c. 

SuccDLBNT Plants. — Although spineacence and hairiness are 
the prevailing features in the desert plants near Cairo, some 
few are decidedly succulent, as the species of ZygophyUum. 



■MOItPUOLOOrCAL PECULUlilTlBS OF DESEHT PLANTS 49 

That tliis fesiture is one of the direct rsaitltH of the Intcuse 
heat (proliably influenced by the presence of salts in the soil), 
indiiciiig the formation of a thick cuticle, whicli, iu turn, 
involves the retention of water and the development of succu- 
lent aquiferous tissues, I think cannot be doubted. The pre- 
sence of salts has been proved by M. Leaage to be the immediate 
cause of succulency in maritime plants of temperate climates ; i 
and be succeeded in making plants Bucculent which are not so 
ordinarily. On the other hand, the structure of " rock plants," 
such as Sedums, Haworthias,^ &c,, ia correlated with their arid 
and stony surroundings (probably without the aid of salts), and 
is obviously one of the many adaptations for the storage of 
water.' 

That the succulency is due to the direct action of the environ- 
ment is shown by the results of experiments in whicli the 
normal succulency is made to disappear when a new combina- 
tion of surrounding conditions is supplied to the plant ; thus 
M. Battandier^ cultivated Sedum CluBianum, and the leaves 
at once began to assume a flatter character, and he remarks as 
a coincidence that the two species S. stellatum and 5, tuberoeum, 
which are not rupieoloua in France, hut inhabit wet places, 
have flat leaves. On the other hand, I have found those of 
S. elellatum growing in cracks between flat slabs of rock in 

' The BUctiulency uf aeveral nieuibers uF the Clienopodi/iceie which Cre- 
qoent saline marshes and deserts may be now attributed to tlie BOtna 

" With regard to the leaves of i/meoriAia and (Jwdrio.M. Lanza observea 
(Malpigkia, iv. p. 145-167, 1890), that the enrfaoe is covered with ex- 
crescences originating from below the epideiuiia And composed of colourless 
cells, the function of »-liiah appears to bo to protect the plant from exces- 
■ive insoUtion. The leaves of Eaimrlhia ftueiala altogether change their 
habit with the loculitj in which thay grow, being flat or erect according 
M they are exjioaad to shade or to auolight. (Quoted from the /oura. Roy. 
JticSee., 1891, p. 66. 

^uU. <k la Soe. livt. de Fr., 18S6, p. 191. 



50 THK OBIGm OF PLANT STRUCTDEKS 

Malta, in an esiioscd, heater] spot, were more or less cjliniirieal. 
M. Battandier also says that two other apecies which are not 
rupicoloii3 but grow in dry earth, vis., 5". rubem and S. Mag- 
Tioli, have flat leaves in a wet season, hut cylindrical leaves in 
a dry one. 

Similarly, the common maritime fleshy samphire of tem- 
perate climates, Critlimiivi maritimum, when cultivated in a 
garden became luxuriant and bore flat and smooth leaves. 

Oentaurea orassifolia, a plant peculiar to the Maltese islands, 
growing in hot rocky valleys, has thick succulent leaves which 
survive during the hot season, but in March, when it begins to 
produce its new foliiige, before the hot summer has approached, 
I found that the leaves were nearly aa thin as of ordinary 

As another example, M. Constantin observed ^ that Salsola 
Kali, a common inhabitant of maritime salt marshes, grows up 
sandy rivers, when it passes into S. Tragus by losing the usual 
character of its leaves. 

The most elaborate series of experiments to test the source 
of the succulency of maritime plants has been carried out by 
M. Lesage,^ who shows conclusively that the presence of salt 
is at least a potent cause in its production. He succeeded in 
mdldng plants, such as garden-cress, succulent by watering 
them with salt water. He also testifies to the hereditary 
effects, in that seed obtained from plants of cress which were 
somewhat succulent in the first year's experiment, became still 
more so in the following. 

The increased substance of the leaf is accompanied hy a 
greater development of palisade tissue with diminished inter- 
cellular passages and a less proportion of chlorophylL This 

' /otim. de Bol.y 15 Mftri! 1887. 

' Rev. Oin. de Bat., vol, ii. jip. 55, lo6, 163, Sea »lao CompUt Rendul, 
cxii. 1S91, p. 672. 



MORPHOLOGICAL PECHLIAEITEES OF DKSETtT PLANTS SI 



sith i 



the amoiint "f 



latter result ia correlated ' 
storcli produced. 

From all the ahove facts, natural and experimental, the con- 
clusion is inevitahle that while succulency is of benefit to the 
plants under the conditions in which they grow, especially by 
enabling them to stove water during the hot and dry season, it 
is in all eases actually brought about by the direct action of 
the environment itself, coupled with the responsiveness of the 
protoplasm of the plant. 

Peotbction of Buds. — A feature very characteristic of the 
African desert grasses may be here mentioned, namely, the 
retention of the leaf-sheaths, go that the annual buds are 
carefully protected against drought when they appear in the 
spring. Similarly the ParanycJaacece are provided with scariona 
stipules, completely concealing the buds within them ; similarly 
Lavandula airiplicifolia has a spike of densely overlapping 
bracts (resembling the "wheat-eared" monstrous form of 
Dianthus) protecting the flower-buds. Professor Warming 
noticed the same thing in Brazil He thus writes: — "Dana 
le groupe des Glumifiorea (C>/pSracees et Gramiv6.es) lea feuilles 
sont etroites et raides ; preaque toutes les espfeeea de ce groupe 
sent tuniquees an sens oil M. Hackel a employ^ ce mot pour 
la premiiire fois en 1889, c'eat-i-dire que les bourgeons de- 
roeuient enveloppi^s et proteges par la base des feuilles qui 
persistent pendant longtemps, comme cela a lieu aussi dans 
le Posidonia oeeaniea {Andropogon, ShyTicospora, Seirpus ep., 
&c)." 1 

In the African deserts numerous species of Aristida illus- 
trate this fact. Lastly, it may bo added that bulb-scales 
may become almost " woody " {AUium Crameri, &c.). 

' For illuatriutionH of auch protections tha reader ia referred to Dr. 
Eug. Warming'a paper on Lagoa Suntft, where he figures BJiynchoipora 
WarviiitgH, p- 191, and i'dV/nii pamdorvi, p. 192. 
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Roots. — -Tlie organs hitherto considered are all above ground, 
but Toots also exhibit features of setf-adaptation to desert 
life iu the enormous length they sometimea acquire. Dr. G. 
Volkens describes ^ how a young plant of Mimmnia nivea of one 
year's growth may bo seen between July and January to have 
a email rosette of three or four leaves while the roots may be 
twenty inches in length. Other plants may have roots two or 
more metres long. The Ckilocynth, he observes, has an enormous 
length of root in order to maintain its existence. It stands 
singly, has large herbaceous leaves, without any means of pre- 
venting an excess of transpiration, as a cut shoot fades within 
five minutes, and yet it flourishes unshadowed through the 
whole summer. 

The great length of root in certain desert plants has been 
also noticed elsewhere. Thus Dr. Aitohison observed in 
Beluchistan that "several of the Astragali i^A. Kakiriciig, 
Auganus, buetitarmensis) have long whip-like roots, the bark 
of which is employed as twine by tlie people. These roote 
are extracted in a very neat way, by attaching a loop of twine 
to the crown, passing a stick through the other end, and making 
it act as a lever."' 

M. de Candolle has also called attention to the advantages of 
long roots in enabling the plants to resist extremes of tempera- 
ture. He says :— " L'action de la temperature eat trte sensible 
k la surface des sols, et Test moins k une certaine profondeur; 
d'oii il rfeulte: i°. Que, dans un terrain donn^, les plantes k 
racines profondes rfeistent mieux aux extremes de la tempera- 
ture que celles a racines superfieielles. 2°. Qu'une plante 
donn6e r^iste mieux aux extremes de la temperature dans un 
terrain plus compacte, ou moins bon conducteur du calorique, 
ou moins dou6 de la faculty rayonnante, que dans un sol ou 
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trop \iger ou boa conducteur, ou rayonnant fortenient lo 
calorique. 3°, La nature des plantwi et celle du sol etaiit 
ides, les plantes reeistent mieux au froid dana tme atmos- 
sgche, et fi la chaleur dans une atmosphere humide." > 

The cause of the long tap-roote of so many desert plants is 
the well-known responsive power of their apices to nioiature, 
OF hydrotropism. Similar phenomena may not infrequently 
be seen in England. Thus if, for example, the tip of the 
root of a seedling turnip gets into a field drain-pipe, it moy 
grow to a length of some yards, of course never producing the 
turnip.^ As water is often to be found at various depths 
below the surface of the desert, the roots, stimulated by ascend- 
ing moisture, oontinne to grow downwards till they attain very 
great lengths. 

Ddiiation. — Some desert plants are usually annuals, the 
majority being perennials.' A feature, however, which Dr. 
Yolkens notices is that these characters are particularly liable 
to change in desert plants according to circumstances. Plants 
which nominally live hut one year, ns species of Saviijnya, 
Poli/earpon, Malva, Trigwtdla, Ifloga, Sic, may survive two 
or more years ; while perennials like GappaiHs, Tamarix, 
Nitraria, Relama, Acacia, &c., often become annuals. The 
fact is, that it simply depends upon the depth to which the 
primary tap-root descends, so aa to secure a more continuous 
supply of water below the surface, which enables the plant to 
survive the hot season. 

Mr. Scott Elliot has observed the same fact in South Africa.* 

' E$tai BUntenlairt dc Qiographie Bolaniqae; Did, da Sci, Nat., tom. 
Professor J. S. 



1 havH Biioh a Bpeciuion, which was brought tu the la 
Hsnalow b; a villager in Suffolk about tbe year iSsa 

' Profeesor WarmiDg foand nDnnHilii to fi>rni rjuly abc 
the flora of the "Campos" {Lo'joa Santa, p. 459). 

Op. rii., Trana. Bot. Soc. Edin., iSgi («u;>ro, p. 46). 
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eluding 3SO Bpeciea of Erica itself, ho remarks: — "It is 
not, I think, hard to eaa why this type should ohtain so 
krgely in the south-west district There is, to begin with, 
no winter worthy of tha name ; and therefore armuala would, 
when becoming acclimatised, probably ccaso dying at the end 
of the year, becanae there is no reason why they should. 
Certain European tumuals of cultivation have, in fact, become 
lierenniala." 

Now the annual, biennial, or perennial character of plants is 
often regarded aa specific ; but it ia one which can be easily 
changed, and may then become hereditary; thus the garden 
form of the carrot is wow biennial, but normaUy, aa a wild plant, 
Daucus Garola, it is an annual. This ia simply the result of 
sowing the seed of the original wild form lale in the season. 
The consequence was that the plants did not blossom till the 
following year. Then, by selection, this biennial feature has 
been fixed, and is now hereditary, I'oa annua, if grown in 
])leuty of moisture, at once becomes a perennial, as it does also 
on the Alps, just as several other annuals at lower altitudes as 
well as latitudes become peremiial when growing at higher 
altitudes and latitudes. 

Mr. Th. Holm^ has recorded a number of examples of 
American plants which are ordinarily annuals, but become 
perennial under exceptional conditions. They include S]/- 
pericum nudicaule, Delphinium Consolida, Cypei'us fiavescens, 
Oarex cypei-oidee, and species of grasses and Cnicifers which are 
annuals in Europe hut perennials in the United States, and 
particularly so near Washington. For example, Arabis dentata, 
which is typically biennial, and A. lyrata, which is normally 
annual or biennial, have formed perennial specimens. On the 

' On the Vitality of boiub Annual Pliints ; Amer. Journ, Sci,, xlii. iSgi, 
p. 304 ; gee also Sev. 0^. de Hot., 1S92, ;i, 364. 
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contrary, A. liemgaia, said to be perennial by Hildebrandt, is 
not at all rare as a bioniiial near Washingtcm. 

This change in duratirtn may be accompanied by a change in 
the period of floweidng, or tlie period of flowering may change 
without a plant altering ite duration of life, and these altera- 
tions may Lecome permanent. Thus Sir J. D. Hooker ^ noticed 
how the Stock and Mignonette become i>erenniala in Tasmania ; 
on the other hand, the C'ostor-oil hecomes an annual in England. 

As a remarkable inatanue of a plant having undergone a 
complete change of season in flowering, Oxalis cemva may be 
mentioned. This ia a native of the Cape of Good Hope and 
flowers in the winter, i.e., July ; but throughout the whole of 
the Mediterranean border, where it has become dispersed since 
1S06, it blossoms from November to April." 

Darwin has so fully discussed, under the head of "Acclimati- 
sation,"* the variability of plants in adapting themselves to 
climate and so becoming "precocious" or "late" in flowering, 
that I need not enter upon this subject. All I would eon- 
tend for is, that such variations of habit are simply due to 
the responsiveness of protoplasm to the environmental con- 
ditions, and that, when once acquired, they all tend to and 
may become hereditary traits. 

In corroboration of this I will conclude with the following 
observations by the late Dr. Lindley 1 * — 

"It often happens that, as in peas, the tendency in such 
plants to advance or retard their season of ripening was originally 
connected with the soil or climate in which they grew. A plant 
which for years ia cultivated in a warm dry soil, where it ripens 

' Animals and Planta under Dutneatication, ii. p. 305. 
- See my papar ou "The Nurtbero DiBtrihution of Oxalia cernun, 
Thuob. ;'■ Froc. iinii. Soc., 1890-92, p. 31. 

' AnimalB knd Plaota under Domestication, ii. 306. 
* Tbeory of HoFtiaulture, p. 46J (the ital[CB are mine). 
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in forty days, vnll acquire habits of great excitability ; and when 
sown in another soil, will, for a season or so, retain its habit of 
rapid maturity ; and the reverse will happen to an annual from 
a cold and wet soiL But, as the latter will gradually become 
excitable and precocious if sown for a succession of seasons 
in a dry warm soil, so will the former lose those habits and 
become late and less excitabla" 



CHAPTER III 

HISTOLOGICAL PECULIARITIES OF DESERT PLANTS 

Although the morphological features of desert plants are 
obviously adaptive, the histological elements illustrate the same 
fact even in the most minute details.^ 

Epidermis and Cuticle. — Commencing with the epidermis, 
a thickened cuticle in various degrees is of well-nigh universal 
occurrence. There is also very frequently a superficial layer of 
wax. The cuticle is often covered with waved lines or ridges, 
especially on elevated cells, and the hairs with tubercles. 

M. Duf our 2 found experimentally that the thickness of the 
external and lateral walls of epidermal cells is greater under 
sunlight than is that of the same species when grown in the 
shade, and the cuticle is also much more developed under 
sunlight. 

It need hardly be pointed out that in the desert the sunlight 
and glare reflected from the sand is very powerful, and there- 
fore, cceteris paribus^ the intensification of those elements 
mentioned is just what would be on d priori grounds expected 
from M. Dufour's experiments. But the thickness of the 
cuticle tends powerfully to prevent the loss of water, which 

^ The reader might consult M. Vesque's descriptions and figures of 
species of Capparia, showing how their anatomical structure conformed to 
their habits. ** VEaphce Vigitale conddir^e au Point de Vue de V Anatomic 
comparie;^^ Awn, ScL Nat,, S^r. 6, tom. xiii. 1882, p. 5. 

' Ann, des Sei, Nat, £ot,, S^r. 7, tom. v. p. 311, tom. viii. 

57 



ie the end and aim of all desert plants in their adaptatio 
the climate. 

Dr. Volkeas ' obaeived that a considerable nnmber of xero- 
pbile plants ai'e protected against a too enei^etic transpiration 
by the existence on the surface, outside the cuticle, of a thick 
layer of a sort of varnish, very brilliant in appearance. It is 
in most part soluble in alcohol, and without doubt of a resinous 
nature, An interesting fact, from the point o( view of geo- 
graphical botany, is that such plants are peculiar to the Southern 
hemisphere. 

The presence of wax on the surface of leaves was long ago 
observed (by Mulder) to be closely correlated with chlorophyll, 
GO that when we find the palisadic layers much increased, as 
they are in desert plants, we should apj-iori expect a specially 
increased layer of wax. The production of this substance is 
dependent ultimately upon the increased amount of light [and 
heat)], which appears to deoxidise chlorophyll and to leave 
wax as one of the products ; hence the epidermis becomes 
colourless and the cuticle coated with was, as the wax in- 
creases with the loss of water. Upon this Mr. Herbert Spencer 
observes : " The deposit of waxy substance next to the outer 
surface of the cuticular layer in leaves is probably initiated 
by the evaporation [transpiration?] which it eventually 
checks," ^ 

When the external walls of epidermal cells are flat, the 
cuticle is generally smooth ; when, on the contrary, each cell 
forma a convexity towards the exterior, it is nearly always 
ornameuted either with parallel and straight or undulating 
striK, or they may be more or leas reticulated, &c The above 
features are common on desert plants. M, Vesque offers the 



' Ueber Pflanzcn mit lactirten BlaUcm. 
OeieUickaft, Bd. viii. H.;ft 4, p. 120, 1890. 
' Principles uf Biolc^y, ii. p. 245. 
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following intorpretation ; ^ — "II aerait bien difficile de determiner 
1b r61e de cee dessins cuticulaiies par t'exp^Fience ; tnais 6tant 
donneo cette circoiiatance singuli^re que les ^pidenaes plans en 
sont ordinairement d^ponrvus, tandis que lea parties convexes 
en prteentent presqua toujours, il eat permis d'limettre une 
hypothiae Jk mes yeux fort plausible. CLaque cellule couvexe 
repr^ente en eSet une Icntillc convergente qui, nialgrd ses 
faiblos dimenaione, pent, snrtout dans les pays chauda, notable- 
ment sur^lever la tempSraturo en un point d^toimind de la 
cellule ^pidonnique ; il est done important, daiis ce caa, de 
remplacer la vitre lisse par une vitro cannelue qui a pour effet de 
disperser, d'dgaliser la lumiere incidents ; de cette nianieie on 
comprond pourquoi, dans un grand nombre da caa, Ibb cellules 
convexea qui avoisinent les stomates ou lea poils enfoncfe au- 
desaous du niveau de I'cpiderme, et celles qui se reinvent en 
petites sailliea autour de la basa dea poils, eont strit^s tandis 
que lea autrea ne le sont paa." 

As far as abeeta of glass with striated and reticulated aurfaees 
can imitate a cnticle, I find that a sheet of sonaitive paper is 
not darkened to the same extent under the former aa under a 
clear sheet of glass of the same thickness, when fully exposed, 
and for the same time, to sunlight, though nothing could be 
deduced from any dilTerences of temperature under the same 



PiLosisM, — Since a more or less excessive hairiness ia a 
characteristic feature of the great majority of plants growing in 
hot and barren deserts, the question ariaca as to what ia the 
cause. Now, any extra outgrowth, even if it be but epidermal 
trichomes, imphes the presence of more nutritive materials at 
the disposal of the plant at the spat than when they are not 
formed at alL M. Mer, who studied the question, came to 
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the concluaioa that, cieteria paribus, liairs ore due to a localised 
extra nourishment, ond therefore frequently occur upon the 
riba and veins, i.e., immediately over the channels of sap. He 
thinks this view is supported by auch a caae, e.g., as Rhus 
Coiimis, in which the abortive pedicels, which hear no fruit, 
develop a large amount of hairs, while the pedicels which 
bear fruit have few or none. The excess of hair is therefore 
presumably due to a compensatory distribution of sap, 

M. Aug. Pyr. de CandoUe came to the same cooclusion in 
1827; for he then wrote about Rhus Cotinus as follows; — 
" Peut-fitre la sfeve destiu^e a nourir les fruits, ne trouvant plus 
d'emploi lorsqne ceux-ei ont avort^, produit-elle ce d^veloppe- 
ment extraordinaire de poils. Quelques filets d'^tamines 
(Verbasewn, Tradescantia) deviennent aussi poilns quand les 
anthires avortent, et probablement par la mSme cause." ' 

Dr. M, T. Masters observes, when speaking of the hair on 
the barren pedicels of Rlim Coiinm, or the " Wig-plant," as it 
is called : — " A similar production of hair may be noticed in 
many cases where the development of a branch or of a flower 
is arrested ; and this occurs with especial frequency where the 
arrest in growth is due to the puncture of an insect or to the 
formation of a galL" ^ 

As another illustration of this last-mentioned fact, it may 
often be noticed how Verordca Charm^rye terminates its 
shoots with an excessively woolly globular bud. A similar 
thing happens to a heath, £riea scoparia, common on the hills 
around Cannes, In the latter plant the abnormal leaves are 
broad, ovate, and densely hairy, while the ordinary leaves are 
linear and glabrous. These globular structures in both plants 
are duo to tho irritation set up by the presence of grubs. The 
axis and the innermost leaves are arrested at the apex, while 



' Organographis Vegilaie, toi 

" Teratoli^y, p. 472. 
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in compensotion the lower leaves of tlio bud altBr their character, 
enlarge and become densely clothed with hair.' 

The fact of hairs being developed over and about the Gbro- 
vaacular cords is of common occurrence, and under the above 
aspect becomes very significant in such cases aa in desert grasses, 
Lavender, &c. Pfitzer observes ; — " Almost all grasses inhabit- 
ing very dry localities have leaves with weU-matked longitudinal 
folds ; " ^ the stomata being situated within the grooves, while 
the ridges correspond to the vascular and fibrous cords. The 
tooth-like hair of the grasses (or branched, as, e.g., on the calyx 
of Lavender) project like chevaux-de-frUe over the grooves. 
They have swollen bases capable of imbibing moisture ; and so 
in all probability absorb dew, as well as protect the surface 
against a loss of water. The marginal inrolling of the blade is 
of course an additional protection. To such an extent does 
tliis occur, that many blades of desert grasses are perfectly 
cylindrical ; the upper surface, which is the especially grooved 
one, being entirely concealed from view, as may be well seen 
in Volkens' figure of Ariatida cUiata.^ In some cases, as in 
this grass, certain hairs assume a pajiiilate form imniediateiy 
over the stomata. • 

Besides the presence of grooves on leaves, there are several 
genera and species which are practically leafless, the young 
shoots performing the functions usually attributable to leaves. 
Such plants are characteristic of dry localities. Their stems 
have strongly marked similar characteristics. The chief of 
these are, allowing for variations, more or less deep longitudinal 
grooves in the surface, at the bottom of which are the stomata, 



1 I have elaawhere called attention to th!a fact in its analogy with the 
reaulta of the irritating action of the po] ten-tube. See " Origin of Floral 
BtmctnrBB," p. 164 leq. 

' Qaoted by Da Bury, Camp. Anat., 61c., p. 5a 
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witli or without proteotiug haira. Strong masses of seleron- 
cliymatous tissues are present, often pervading the stem, in a 
radial direction, with a large-celled thick-walled pith and en- 
larged medullary rays. These latter act as an aqueous storage 
tissue. As examples which I have had the opportunity of exa- 
mini:^ are species of Tamarisk trees and of Caauarina, often 
cultivated in Cairo ; of desert plants, Retama retem, Pity 
raiithus tortuosus, Statice pminosa, &c In Europe wo have 
the Furze and Broom aa representing similar features, while in 
Australia, besides GasuarinOt there are species of Oi/tisus, the 
names illustrating the same feature, as 0. Ephedriotdes, O, 
Eguiaetifolia, &c.i 

Ab another illustration which serves to support M, Mer's 
contention that hairs are, eceteris paribus, a result of compensa- 
tion, M. Lesage ' found in a root of the second order of 
Phaeeolm, which was much longer than the primary root, that 
the portion outside the water was covered with numerous root- 
hairs ; near the water these hairs were elongated, while in the 
water they were much shorter, and finally disappeared alto- 
gether. In a transverse section it was seen that the cortical 
layers in the air contained smaller elements than those in the 
water, and in the central cylinder the xylem was proportion- 
ately more lignified in the aerial portion. 

The root of the bean was made the subject of similar ob- 
servations. It was found that when numerous secondary roots 
were suppressed, the primary root was covered with numerous 
absorbing hairs. 

The above interpretation will therefore satisfactorily explain 
the existence of the hairiness of plants in deserts ; for droughty 

' Foe illitstrations the render is referred to Volkens, op. cit. ; Boodle 
trad Worsiiell on " Casuarina, "Annala of Botany," viii. pt. xv.; " "Natural 
History of Pluiita," by Kemer and Oliver, i. p. 299. 

" Complet Uciuiui, cxii, 1S91, p. 109, 
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aided by the barrennesa of the soil, tends to arrest the deve- 
lopment of parenchymatous tissues ; and in proportion as this 
arrest is excessive, so is the compensating process of the pro- 
duction of hairs. Hence, just as with plenty of water, or a 
good soil, as obtains under cultivation, plants tend to become 
less hairy than in the wild state, as, e.g., the parsnip ; so, con- 
versely, under aridity and a poor soil hairiness becomes a 
characteristic and hereditary feature. 

Here again, therefore, if the above explanation of M. Mer 
be true, the very conditions which bring about the production 
of an excessive clothing of hair, are precisely those against 
the severity of which the dense clothing is one of the very 
beat of protections. 

The above interpretation receives indirectly an additional 
countenance from the fact that just those desert planta which 
do develop much parenchyma and become excessively fleshy, 
as the Ahinecs, Euphorbia, Cactaeea, Zygophyllum, &c., are 
generally entirely hairless. 

Intense hairiness is certainly one of the most conspicuous 
features of desert plants, and is an invaluable means of lessen- 
ing tlie heat by forming a non-conducting surface, and, on the 
other hand, as a means of absorbing dew during the summer 
when no rain falls. 

Dr. G. Volkens remarks that a multitude of cases establish 
the empirical deduction that drought is cori'eiated with the 
presence of much hair, though what the real causal connection 
may be is not clear to him.^ He observed that as transpira- 
tion tends to increase, so does the relative quantity of hair, 
till (it may he added) the quantity becomes so great as to 
check the very process which may have had something to do 
with bringing it about. 

' He makBa no alluaion to M. Mer's obsBrvations, which were probably , 
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In desert plants the Jiairs a,re of diffei'ent forms. Tliey may 
lie stiff, straight, and odpressod to the surface, all lying in one 
direction j or the " needles " are interlacing, or the hairs 
may be of a twisted cottony character and cover the surface 
with a layer of wool ; or, again, they may be stellate and 
flat, the hranches interlacing so as to produce a dense coating 
of felt; or they may be bladdery and filled with water. 
These latter may finally collapse, dry up, and form a glassy 
sheet over the surface of the leaf. 

There are also peculiarities in the structure of the hairs 
themselves which are remarkable. In many cases the cavity 
is quite filled up with the exception of the broad basal part 
of the coll, while the outer surface may be densely coated 
with was, either entirely or with "gashes" and "pores" 
(Diplotaxis Han-a), or else the basal portion is quite devoid 
of it (Ileliotropium luteum), so that water can readQy 
pass from without into the interior. Dr. Volkens observes 
with regard to the filling up of the lumen with cellulose 
matter, that this is connected with the swelling up of the 
inner membrane, and shows (by treatment with suitable re- 
agcnte) that it is a substance which, *hen water is absorbed, . 
can hold it fast with great strength. This of course greatly 
retards transpiration. 

I have found in some cases, besides the closely applied 
felt, that there are taller branching hairs, standing much 
above the level (Erucaria Alejipica). These I take to be 
specially absorbing hairs, as well as all which have no was, 
or at least places on the hairs where it is wanting. 

As a special pecuharity, I have found in Coceulus {Meni- 
epermum) Leceba a basket-like arrangement of hairs round 
the auxiliary buds. This would presumably retain a large 
drop of dew, by means of which the bud would be bene- 
fited. 
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Besides being actual absorbents of dew,' it may Ije bome 
in mind that not only docs tliQ felt collect the deirdrops 
whiiili get entangled in it, and ao get absorbed, but it parts 
with them by evaporation nmcli more slowly than does a 
smooth leaf, as 1 have tested by expetimenta with many 
kinds of leaves. 

JTow, Dr. Volkens observes, though he guspect&i it, he cannot 
say for certain Low or why the hairiness is produced. But 
besides the reasonable interpretation of M, Mer which I 
have given above, that hairiness is a direct result of the en- 
vironmental action upon tlie plant is established by numerous 
cases. In the first place, we have " the argument of eoinci- 
dencea," as I would call it ; but when we find that a change 
of habitat brings about a trroater or less degree of hairiness, 
the probabilities accumulate till tliey amount to a moral con- 
viction, which is further established by experimental verifica- 
tion. Tlius, for example, the hairinesa of wUd plants tends 
to decrease under cultivation, as in the wUd parsnip. Linnieua 
observed this fact nearly two hundred years ago, for he 
says : * — " tipinaa et hirsutiem planta siepius exuunt a loco vel 
cultura." Ranunculus reperm growing in a dry barren gravelly 
soil is very hairy, but a plant growing in water ten feet from 
one of the former kind, which I have preserved, ia scarcely 
hairy at all- 

M. Battandior observes^ that Bellis Allaniioa, with leaves 
covered with a true velvet having a long pile, at tho summit 
of the mountain Elida, when cultivated in Algeria bore leaves 
less and less velvety, till they finally became as glabrous as the 

' Tliat plants can absorb rain und dew by their green parta, I would 
refer the reader to my paper " Od the Absoriition of Rain and Uew by 
the Green Farta of Plants," Joura. Linn, Soc, BoL, xvti. p. 313. 

' Fhiloi. But., 272. 
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Bdlia of Algeria. Similarly Allium ChamrEmoly, when culti- 
vated for eight years, lost ita villosity which it had on the 
suinmit of Zftcoar. So also OerasHum Bomieri, which is 
white and tomentose at the Bummit of Ait-Ouahau, became 
glabrous and of u Iwautiful green at Algiers. 

HairiUBES is well knowa to be a most variable character, 
and although it is recognised as specific when constant and 
abundant, as in Ver/iasctim, and therefore leas variable, it 
obviously becomes much less important when it fluctuatea. 

It may be observed here that the hairiness as a -heredi- 
tary character vai'ies greatly. Thus M. Battandier found that 
Beliis AtlarUica varied nihen transplanted, yet when raised by 
seed in Algeria it did not show similar modifications ; similarly 
Allium Chamarmoly, though it became less villous, remained 
more hairy than its congeners after cultivation as well as by 
sowing. On the other hand, seedlings of Paslinaca saiiva, 
raised in a projmred border in the Botanic Gardens of the 
Cirencester Agricultural College, became less and less hairy, 
and finally quite glabrous.^ As a spontaneous variety, Malva 
parmflara may be mentioned ; as grown in the Nile valley as 
a culinary vegetable it is not very hairy, the hairs being 
stellate, having only a few rays, sonietimes two only. As ft 
desert plant, where it appears as a small annual for a few 
weeks only, the steUate hairs increase their number of rays. 
Similarly Erodium laciniatwm is much less hairy when grow- 
ing in waste ground on Rhoda Island in the Nile by Cairo 
than when in the desert. I find that the main ditferencss 
between the two forms may be summed up as follows : — 
Hypodermic coUencbyma is much thicker in the petiole of 

^ Profeaam Buckmnn raiBeii tbe " doinestioated " variety alluded to, in 
1847, which he called the " StudenL" It ia atill regarde<! ax tba " best 
variety" in cultivation, according to MeBsre. Suttcm & Saas ci£ Riiadiiig 
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the desert form. The upper epidermiB has ite cells similar io 
size, but with more hairs. The lower epidermis has cells 
which are much smaller than those of the Nile-valley form. 
The palisade consisting of two tows of cells is identical in 
both cases below the upper epidermis ; but while there is 
a lax mesophyll of rounded cells on the lower side in the 
Nile-valley form, the corresponding cells are somewliat elon- 
gated in shape, thus tending to assume the palisadic type 
characteristic of the lower side as well as of the u[iper in 
the desert form. Hairs of the latter are mote numerous in 
proportion of twenty-four to ten for the same area. 

Stomata. — These structures are frequently sunk below tlie 
level of the outer surface of the loaf, and may occur on both 
sides. The depression in which they lie is either in conse- 
quence of the great thickness of the outer wall of the epidermis 
{Allium Cranieri, PHyranthm tortuotnis, &c.), or because the 
epidermis itself lines cavities in the parenchyma, which are 
either nnked or clothed with hairs covering over the stomata, 
as in the grass Danthoma Forshali, very like the well-known 
case of Nerium Oleander, to which M. Vesqiie adds CapparU 
BreijHia.'^ The Oleander has narrow, rigid, mote ot less erect 
leaves, which are well suited to live in a dry atmosphere. In 
a apccimen growing at Cannes, there was a thick cuticle and 
two layers of thick-walled hypodermic cells, a palisade tissue 
of two layers on the upper aide, and of one layer on the lower. 
A lax mesophyll of green cells fills up the central space. The 
stomata are on the bottom of the epidermal cavities. 

In a leaf gathered from a tree in Cairo there were slight 
differences, in that there happened to be no palisade cells on 
the lower side at all, the lax mesophyll reaching to the hypo- 
dermic layer. Such differences are probably accidental, but 
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they show clearly how easily the anatomy of a leaf conforms to 
slight differences of illumination, &c. 

In desert plants the guard cells are often so thick-walled 
that the lumen is nearly obliterated ; and contrary to what ie 
generally supposed to be the case in temperate regions. Dr. 
Volkens shows that they often close during the day and aro 
open at night.^ Perhaps the arrested moisture, due to the 
check to transpiration, may cause turgescence by day, which 
closes the slit, while its cessation at night brings about a 
relaxation ; or it may be the result of a more complicated 
action between the guard-cells and the adjacent epidermal 
celts. It is, however, difficult to say without a very close in- 
vestigation into the phenomena on the living plants in their 
natural conditions. 

AaaiMiLATivB TiasDEs. — The chlorophyD tissue of an ordinary 
dorsi- ventral leaf Js typically differentiated into a jmlisadic layer 
below the upper epidermis and a spongy layer above the lower 
epidermis. It is well known that in those plants in which 
the leaf is normally reversed in position, as Alslrcemeria, the 
relative positions of these two layers are also reversed. This 
inversion can be more or less decidedly brought about by 
compelling certain leaves lo develop their surfaces reversed. 
Moreover, when leaves assume a vertical position, so as to be 
equally illuminated on both sides, then the epidermis and sub- 
jacent palisadic tissues are also more or less alike ; as in some 
grasses, the phyllodes of Australian Acacias, the pendulous 
falcate leaves of gum-trees, though the first-formed horizontal 
leaves on the same gum-trees are dorsi-ventral in structure, like 
ordinary horizontal leaves.^ 

1 i) Fl rad Ej-jpl -Arab. Wilit!, p. 47. 

- The h ( d if n between tlie tiivo furmn of leaves in Eueidyptii* 
I End to br a f 11 wa — In the horizontal leaf the npper epidecmia ii 
aoDiposi-d [ tD II ell and there >re no stumaU. There is a pgliaade 
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M. G. Briosi has written a voluminous work with many 
plates upon the leaves of Eucalyptus gtofmlus, Labil, to which 
the reader is referred for numerous details.' 

The preceding facts all conspire to prove that the diifercn- 
tiatiou of the mesophyl! iuto palisadic tissue is the direct result 
of illumination ; and that as the upper surface of normally 
horizontal leaves receives more light than the lower, the dif- 
ferentiation of the chlorophyll cells into an elongated form 
parallel to the incident light is the direct outcome, caierii 
paribus, of tliat external ^ent. 

A signi&cant fact with regard to these alterations is that the 
change evinces itself by degrees. Thus in young leaves of 
Aldrcmneria psitlaeitia, iL Dufour ^ shows that it is only 
partially effected. Thus the first leaf stands vertically. It 
possesses inw stomata, and is nearly alike on both sides. The 
second leaf is still nearly vertical, being only twisted towards 
the apex. It has stomata on both faces at the base, liut at 
the point shows many upon the upper, but none on the 
lower side. The subsequent leaves have the petiole twisted, 
and are completely reversed in position. Their petioles have 
a smaii number of stomata on the two faces ; the limb, exclu- 
sively upon the superior face, now becomes the lower in 

tiBBUB of one lajer of cells, with lax meaophyll below the lower epidermia. 
Tbia latter hoe larger cellii tban tlie upper and ia provided with utouiata. 
The peadolons leaf is a good deal thicker than the horizontal. Both 
epideriuides are provided with a ver; denae culide in which Che stomata 
are deep-seated. There are four rows of palisade cells on both aidea with 
a chluniphylluus mesophyll between them. The petiole is flattened, so tbat 
tbu leaf can swing much in the aame way aa that of the Poplar. The 
horiiontal leaves in £. globulvt are aesaile. 

' Jiitomo alia Analomia delie Poglie ddV Evealyptut globutut, Labil, 
95 PP' ^^ ^3 P''> Milano, 1S91. 

1 BM. de ia Soc, de Bot. de Ft., 2% Mai lgS6, p. 269. The author 
here gives several referencea tu the literature of the eubjeot. 
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Anotlier interesting point is that in young leaves the meso- 
phyll is homogeneous ; but the cells under the upper epidermis 
are rather lai^er at firat in the older leaves, showing an here- 
ditary tendency to develop palisadic tissue ; but later on. the 
influence of the light soon renders the cells below the — now 
reversed — inferior side much longer than the others. 

The needle-like leaves of the Norway Spruce prove, accord- 
ing to the careful investigations of M. Mer,' to bo most re- 
markably sensitive to Ught, becoming more quadrilateral, with 
a uniform palisadic tissue, aiS the leaf grows more exposed, but 
flatter and more dorsi-ventral when it is more shaded on the 
same tree. 

He also observes the remarkable result of frost setting up 
a "habit" in the tree as follows: — "Trees planted isolated 
have some modifications. They become more buahy, from the 
development of lateral buds, which are arrested in forests. 
When the young phoots are struck by frosts in the spring, it 
happens at times that, without reaching the pomt of death, 
they lose their turgeacence. They become soft, and their 
extremity turns toward the ground. Lignification sujwrvenea 
before they have recovered their turgescence, and they remain 
thus definitely curved. When the terminal bud is not de- 
stroyed it develops its succeeding shoot the following year in 
this position. 

" If one places it vertically, the terminal bud turns down- 
wards, and the branch in course of development preserves this 
situation ; or rather its extremity tends to elevate ilaelf by a 
slight curvature. This depends upon its degree of vigour and 
the time during groivth when the experiment is made." 

This passage is very suggestive as a cause of " weeping " 
varieties of trees, by a tempwary injury producing a per- 
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nLonenl effect in the growth, though not to the extent of hoiiiff 
hereditary, 

Again, Dr. F, Noll ' has shown that external influences 
detfirmine not oiily the ilireetioti of Home organs, hut also the 
position in which they are formed; as, e.ij., the tlevelopment 
of the gemmcB of Marehanlia, of aerial roots on climbing 
plants, &c In other and more aumeraus cases the forma- 
tion of fresh organs appears to be independent of external 
forces, and ^to be determined only by the internal, i.e., heredi- 
tary forces, in the plants ; as, for instance, in the dorsi-venttal 
Btrueture of many parts of plants. In Jisi/opnis the reversal 
of the plant brings about a corresponding internal organic 
transformation. 

Professor Eug. Warming notes the same feature in the 
leaves of plants growing in tlie arid campos of Lagoa Santa. 
He says ; ^ — " La direction des feuillcs accuse ^galement la 
s^cheresse du climat ; beaucoup d'entre elles out habituellement 
une direction verticals ou sont au moina tr^a relevies, de 
mani^re fi n'Stre frappdea par les rayons solaires que sous un 
angle aigu. Certainea espfeces out dea feuilles tris rdduitea, et 
quelquea-unes sont aphyllos ; elles appoi'tiennent ^ dcs faniillcH 
trfes diff^rentes," The reader will perceive that this description 
would apply equally well to many desert plants of the Northern 
Hemiaphere. 

Applying the preceding observation to desert plants ; — if a 
leaf be small, narrow, and moreover assume a more or less 
vertical position, as is so generally the case, so that it is 
illuminated nearly equally on both sides, we should expect 
to find on d priori grounds that it would have a palisade tissue 
on both aides. Such is precisely the case with innumerable 
desert plants. The only, and indeed relatively rare exceptions 

' See Joarn. Soy. Mier. Soe., 1891, p. 490, 
' Op. eit., p. IS7 {lupra, p. 3). 
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are in the leaves of sucli plants as tievclop tlieir foliage dm 
the rainy aeason as annuaJs, or in " Nile- valley " plants which ' 
happen to secure a place on the hordera of the desert. Such 
have a more or less characteristic spongy parenchyma on the 
under side, while transitions from this to true palisadic tissue 
are easy to be found. 

The typical chlorophyll tissue in leaves of true desert plants 
is therefore palisadic on both sides, the cells being arranged 
in from one to four, or even five superposed rows. These 
sometimes meet in the middle {Zityphim Spina- Oiristi) ; in 
others there is a central layer of short rounded cells (Cassia 
obavaia), the usual lax merenchyma being entirely wanting. 

In addition to the typical palisadic cells at right angles to 
the surface, large cells, palisadic in shape, may be arranged 
in cylinders around the fibro-vascular bundles. This is par- 
ticularly well seen in grasses, but within this cylinder is a 
second, of chlorophy lions cells, which are quadrate and short 
in form. This peculiar arrangement of a double cylinder of 
green cells is not confined to grasses, but occurs in exogens, 
as Tribulvs alalus, Atriplex Halimus, &a., so that in all cases 
the fibro- vascular cords ate densely embedded in chlorophylloua 
tissue. 

In some cases the inner sheath is colourless and acts a.B a 
water-storage tissue {OU'jomerie suhula/a). It is, I think, really 
homologous with the endoderm. 

M. Dufour' found that chlorophyllous tissue is much more 
developed in sunhght than in shade ; and it may be added 
that a similar phenomenon occurs in Alpine plants and plants 
of high latitudes as compared with the same species growing 
at low altitudes and latitudes.^ In these eases the deeper 
green tint is also due to the uninterrupted sunlight. Hence 
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it is not surprising to find the chlorophyll tissues roach a 
high development under the inlenae light in the desert, 
whether from the sun direct or reflected upwards from the 

LiGNEOCS Tissues. — Messrs, Dr. D. H. Scott and G, Brebner 
have described 1 the histolt^y of AeanlltoHvium glumaceum 
(Plunihaginein), aud Professor D. Oliver had previously exa- 
mined^ that of Acantltaphiillum as well {Cari/ophi/llett), 
These are both desert plants, aud I might now add a great 
many more anomaluus and sub-anomalous stems of plants 
growing in the North African deserls, some of which Dr. G. 
Vollcens has described and figured.^ Tlie general conclusion 
doducible from a study of their peculiarities is, that these are 
all due to tlie climatic conditions under which they grow. 
Summing them up, they may be enumerated as follows : 
— There is a general tendency to lignification, with an absence of 
medullary rays, (Zilla viyaip-aides, Bassia muricala) ; if they be 
present, they are comparatively few and have thick walls (Far- 
selia a/rieatia, Hdianthemum hOiiricum, Ochrademis biiecatus). 
The fi I >ro- vascular cords may form "islands," as seen in a 
transverse section, embedded in dense tissues (Sialice iiruinDoa, 
Atriplex leucodadum, Pityranthus tortuoms) ; the " wedges " of 
wood may fail to form a regular zone, but be more or less 
isolated and emljcdded in water-storage tissue {Taiiiarir, 
mannifera, Anahasi's arlieulald). The wood may be deeply 
indented with cortical invasions, as Professor Oliver has shown 
to be the case in Acanthophylluni. Br. Scott observes that this 
is due to the fact that the zone does not close up after having 
early parted with a cord for an appendicular oi^un. I think 
lay attribute this failure to a want of activity in the 
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Trant. Linn. Soc, voi tiii. p. 289. 

Pie Flora dcr ^uyptitch-Arabiichtn WuiU, Ac. 
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formation of wood, which may be correlated to the in- 
sufficiency of foliage during the hot months.' Perhaps the 
curious cavities deaeribed ' by Professor D. Oliver in a species 
of AcanthoUmuni as occurring in the wood may be attributed 
to the same cause. * 

As other examples of anomalous stems, Dr. Volkens de- 
scribes and figures that of Gypaophila Bokejelca; the pericycle 
(which is often very active in the Catyophylleffi) puts on a 
very dense zone of thick-walleii sclerenchyma in lieu of 
xylem, which in this plant is comparatively feeble, A similar 
result occurs in Telephium sphmroifpermum, of the allied order 
Paronychiacete. I have found an analogous result of pericy- 
cular activity in Iphiona mucronala. Inside a cortex there 
are zones of square, oblong, or irregular-shaped patches of 
sclerogen emWidod in a parenchymatous tissue,^ and only 
isolated patches of xylem around the medulla, all being 
embedded in a " stereome-zone," Aslragalug Forakali hoe a 
very anomalous stem. It has large cords of liber outside a 
zone of cork, then another series outside the phloem, a third 
complete zone in the middle of that tissue. An anomalous 
xylem follows, surrounding a medulla, in tlie centre of which 
is a column of collenchyma ! To this I would add the stem 
of Anahasii articidaia, which has oidy rudiments of leaves, 
opposite and distichous. All the elements, as seen in a 
transverse section, make up four series of crescent-shaped 
structures around an hour-glass shaped pith. Taking a 
" wedge," there is sclerenchyma forming the angle, then a 

' I find that Griaebach confirniB tbis idea, for in speaking nE the parti- 
ally developed wood in Ualoxylon AmmDilendron, he snys : — "La aupprea- 
sioD du feuillage dijteniiiae la cruissauce mcompliite du corps ligneux," — 
La Vig. du aiobe, i. p. 63a 

' Loc. cii., tab. 51, Sg. 24. 

' Dr. Volkens figures a section uf a younff stem, but doea not appaar to 
have Doticbd the duvelopuieut uf pericycle. 
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zone of large vessels and wotjii fibres, then cortical parencliynia 
and suIerencLyma outside. 

It may be observed that the four wedges roughly resembling 
a Maltese cross here appear to be correlated to the positions of 
the rudimentary leaves, tlie xylem tissues failing just where 

As long as the shoots ore young and green, one may add to 
the above peculiarities of the stem the great thickness of the 
cuticular surface of the epidermis, which is not infrequently 
clothed with hair like that of the foliage ; the great depth of 
the palisadic layer, which often consists of three, four, or 
more zones of elongated cells {e.ij., Zilla), the cortex acting 
as a storage tissue for water, subsequently passing over into 

Now when we observe how often the different members of 
the tissues of the stems of woody desert plants are thus variously 
dispersed and constructed, while at the same tinie there are 
certain general features very commonly observed throughout, 
I think we cannot fail to arrive at the conclusion that these 
structures arc simply the outcome of the environment in which 
such plants live. This view is corroborated by experiments, 
for they prove that the great tendency to ligniiication of the 
tissues, as already shown for the spinescent features, is a result 
of a deficiency of water, and they at once tend to disappear 
when desert plants grow in an ordinary prepared soil of cultiva- 
tion. This, for e.\ampIo, is well seen in several species which 
frequeut both the desert and the Nile valley, and in the 
plant of Zilla vnjngroides already alluded to, which was 
roised from seed in Cairo. The spines were quite flexible, the 
pericycular sclerencbyma, which is very dense and thick- 
walled in the desert plants, being very greatly reduced under 
cultivation. 
^^lWb have also seen from Duchartre's experiment with Dins- 
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eorea Batatas that the absence of water ia a direct cause — in 
conjimetion with the respouaivenesa of protoplasm^-of a com- 
parative incieaso of lignification. To this we may add the 
great defection of foliage in the hot eummer months, when the 
formation of tissues is proportionately arrested. We can thus 
realise how anomalies in the structures of the stems may well 
be exi)ected, though we may not be able to explain in the case 
of every individual stem the direct connection between cause 
and effect. 

Watbr-Stobaob Tisairaa.— One of the most characteristic 
features of desert plants is their system of storing water. 
Commencing with the epidermis, certain of the cells form 
rounded or oval elongated bladders bulging on both sides ; 
or they may elongate into hairs, the lower part acting as a 
storehouse of water j or they may assume the form o{ bladders 
supported on short pedicels. As an example is the familiar 
ice-plant which occurs about Alexandria, being so called because 
the water-cella are so conspicuous over the surface of the leaf. 
Many other plants are provided with them, but they are not 
80 conspicuous to the uated eye. Thus species of Rexeda, as 
R. arahica, Gypsophiia Rok^eka, Malaolmia aigypliaea, Beliotro- 
piv,m arbainense, Hyoieyamm mutieua,'^ &c. AtrijUex leaeo- 
cladum has globular water-cells on slender supports. In this, as 
in Atriplex Haliinue, the hairs finally collapse, and by sticking 
together form a sort of protecting sheath all over the surface 
of the leaf. 

In the interior of the leaf the chlorophyU tissue ia sometimes 
80 abundant that the leaf is perfectly green throughout ; in 
other cases the central tissue is nearly or quite devoid of 

' The epidermal water-cells give a pale green colour to the leaf, sad 
render it difficult to dr^ cotnpleteLy, except after maoy days ia the preJM : 
perbapa because the water id all the plants id more or lesa thickened by 
gummy or other matters. 
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chloropliytl grains and acta as a stonigc tissue. In Atnplex 
Salfmug the outer layer of the palisade cells is clear and 
utilised as storage, while in some, aa Nttraria reium, large 
isolated storage cells lie embedded within the palisadic tissue ; 
some others of the elongated cells being reservoirs of tannin. 

Of the above varieties the central stoi-age tissues is ihe moat 
important, and is well seen, i»s ifc occupies by far the greater 
space, in such succulent leaves as tliose of Affsenibri/iinfhemum 
and Alof. Sign. Arcangeli has lately observed that Alriplex 
Ttummularia possesses below the epidermis of the leaves an 
iincoloured purenchyma which covers the assimilative layer 
and represents a, tissue of water-storage.' 

In stems, the cortex and medulla act as storage tissaos, 
the former gradually passing into cork, which of course is 
a great protective tissue in many desert plants. 

Of subterranean structures, the bulb scales of species of 
Allium, Pancratium, Ac., and the cortical region of roots 
of grasses may act as storage organs. 

In some esogeiis the roots and subterranean stems assume 
special forms which act as reservoirs. Thus in the genua 
Eradium there are three desert species which develop tuberous 
structures on the roots, which Dr. Voikens proved to he water- 
and not starch-storing tissues. Tliis observation Ims been cor- 
roborated on quite independent grounds by Herr E. Haclcel,' 
who has called attention to similar structures and their usage 
in certain grasses of dry climates ; there being singular develop- 
ments of the lowest internodes of the culnia, shoots, and basal 
leaves. 

* St^la Slmttftra delU FogUt dd A. nummidarin, Lhtdl., in fleJasione 
i^a AuinUaiione [Nikvo Giom. Bol. !Uil„ vul, xxii. p. 426). 

• Fefar rirniw Bujenlhumliehkeitcn der Ordttr troekener KlimaJe. 
Vviandlangen der K.K. ZooL-botaa. OuelUch. Wien, Jahrgang 1890, 

p. 115. 
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He distinguisliL'd tliem as tuberous or bulboua graeses and 
tunicated grasses. Tuberous grasses are such as Phleum pra- 
terue, var. nodosum, Gaud., and Arrhfinatheiiim avenaeeum, var. 
nodosum (Arena notiom, L.), of which one or more of the basal 
internodes of the culm and ehoots attain a tuberous develop- 
ment ; while Poa hulhoea, L , represents a bulbous grass, since 
the bases of some of the sheatha of the leaves have increased 
in thickness, and form a bulb very much like that of Allium. 
He observed that these tuberous and bulbous forms ordy occur 
in countries with periods of dry seasons, and none have been 
observed in the moist parts of tropical regions.' 

It is very interesting to karn that the author does not 
consider these tubers and bulbs to be reservoirs of starch 
or sugar, as are the similar organs of lAliaeeis, Iridueete, &c., 
though being structurally homologous with them ; but physio- 
logically they are water reservoirs, just as Dr. Volkens main- 
tains with regard to the tuberous roots of species of Erodium 
in the deserts of Nortli Africa. 

What is jiarticularly to be noticed is that Hackel has 
shown that Poa bulbosa, on being cultivated in moist soil, 
almost lost the bulbous character, clearly proving, there- 

' Dr. Aitohiaon obaBrved Poa bvlboia to be "the most coinoion grass 
covering the great plana of Beluohiatan." {Op. tU„ p. 432, tupra, p. 37). 

Sic J. D. Hooker, speBiking of desert plants, wHtea as rollnws : — "Tboagh 
invariable forms, they may be, and often are, themselves varieties nr races 
of a species that iniiabita more fertile spots, lu Poa btitboia, which is a 
very well-roarlted and constant furm of P. pralenta, occurring in ilry 
sandy soil from England to North-Weatern India, its ' meadow ' relative 
being a verj variable species in the same countries, and always stru^^ling 
for existence amongst other grasses, Ac." — Inirodttt, Eaiay to Ike Flora of 



In his "Student's Flora of the British Tales," 3rd edit. 1884, this author 
recogniiea P. Mimosa as a distinct species, " veiy near P. alpina, but 
differing in locality, habit, and the close ovate panicle." Poa indbou 
occars on rocky ground in Malta, but not in the deserts of Egypt. 
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fore, that these productions iire the ilirect rosiilt of a dry 
environment. 

As another instance, of Panictim httll-osiim, K. B. K, (regarded 
by Munro as a variety of P. maximurn,), of Southern United 
States, it ia said ;^" Ita bulbous root-stocks contain a store of 
moisture whio.h enables it to endure a protracted drought," ' 

Those tul)eroU3 swellings on grasses are therefore clearly 
analogous with those on the roots of Krndium. Thus K. 
hirfum has globular, potato-like tubercles; E. IJutsoni, finger- 
shaped ; and long, spindle-like roota occur in E. glaiicophyllum. 
Tbey all contain a storage tissue protected externally by a 
strong many-iayered cortical coating. Their position being 
between the aljsorbing root-apices and the foliar transpiring 
surfaces, tbey act as reaervoirs and regulate tlie supply of 

Bulbs of species of Allium, as A. Cmmeri, &c., are similarly 
adapted to the desert, storing water within the inner scales, 
while the outermost series Iwcome almost woody in texture, 
as a protection against the hot sand in which they tic. 

The cortex of roots acts as a storage tissue in many plants, 
as in Gj/psophila Rokyelca and graasos, such as species of 
Danthonia, while the axis in both is densely woody, 

A cause may be suggested for the development of the 
hypertrophic condition of the cortex and medulla of roots, 
which act as water-storage tissues, in the excessive heat which 
the sand surrounding the roots acquires from the sun. In the 
hottest months and hours of the day, the temperature, ac- 
cording to Dr. Volkens, sometimes rises to alxjut 130" F. 
Uow M. E. Prillicux - has shown experimentally how an 
abnormal excess of heat in the soU affects the roots of beans, 

' Kew Bulletin, &o., No». 1894, p- 383. 

' AUeratiom proJuilei dam Ici Plantea jiar !■! Callure liant un Sol 
tveliaiiffi i Ann. de» Sri. Nat., Sdr. 6, torn. x. (8S0, 347. 
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&a., in a precisely analogous manner, hy enlarging the ceila 
of the cortex and pith. While, however, in this latter case 
the distention of the parenchymatous tissue waa, of course, 
abnormal and pathological, in the deaort plants it has become 
a characteristic, important, and hereditary feature. 

M. Battandier also calls attention to the fact that there are 
plants in which certain buds swell into tubercles capable of 
enduring the dry season, while the rest of the plant perishes j 
such are Stunfra/ja glohulif&ra and Sedum amplexkaule. In 
Malta there are several species of Sanuncviits, such as R. 
huUatus, which, produce " root tubercles," which are thus 
enabled to survive the parching summer, and can live there- 
fore in the most exposed surfaces round the fortifications of 
Valetta. Romulea Bulhocodium and Iris Simjrinchinm are 
similarly enabled to live and abound in barren rocky ground 
of Malta. This island has also fifteen species of Allium, 
nine of Opiirys, and eight of Orchis, as well as many other 
bulbous plants, which can thus survive the intense summer 
heat to which they are subjected ; annuals being in a decided 
minority, except as weeds of cultivation. 

From M. Hackel's observations on the tuberous processes 
ia'grassea which are formed in dry soil and disappear else- 
where, we at least have a strong suspicion, if nothing more, 
that all such structures are the outcome of the environment 
itself. This is also the conclusion of Mr. Scott Elliott, who 
notices how numerous are bulbous and tuberous plants in 
the Karoo of S. Africa. He says : — " JIany orders have deve- 
loped bulbs which usually show no trace of them, e.g., the 
whole section Hoarca of Pelargoniiim is bulbous." This 
feature he attributes to the "direct influence of the climate." ' 

Finally, with regard to the origin of water-storage tissues 

' Nolea un the Regiaaal DUtributioa of the Cape Flora ; Tram. Sat. 
Soe. Edin., 1891, p. 241. 
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generally, I would saggest their being primurily due to the 
accumulation of water within the plant in consequence of 
the arrest of transpiration. This latter function is impeded 
in turn by the formation of a. thick and often waxy cuticle 
and a dense clothing of hair, as well oa by the secretion of 
substances (such as tannin, gum, mucilage, resinous matters, 
salts, &C.) which thicken the water and no render it less 
capable of vaporisation. But all these features, which thus 
bring about the very best structures to enable the plants to 
survive the injurious effect* of the eUinate, are simply the 
direct outcome of the excessive heat and light coupled with 
the deficiency of water in the desert. 

Secretions. — These are of various kinds, and appear to 
play an important part in arresting a loss of water. Thus, 
tannin is abundant in some desert plants, betraying itself by 
a yellowish appearance in the epidermal cells {Mimeonia, Eto- 
dium, Aatragalue, Tamarix, Ldnaria, Cenlaurea, &c.), as well 
as of course by the agency of iron salts. Dr. Volkens alludes 
to Warming's suggestion that tannin, in connection with the 
hygroBcopical capacity of acids, would afford a protection 
against dessication.^ In alluding to this supposed use of 
tannin, it' may he mentioned that Sachs regards it as a waste 
product in metabolism,^ though fungi when attacking oak- 
wood appear to consume it.^ 

On the other hand, Mr. S. Le M. Moore remarks that 
" tannic acid may have a more general relation to the tur- 
geacenee of cells. Moreover, tannin is most likely used up in 
the lignification of the cell-wall."^ As lignification is a pro- 
minent feature of desert plants, there may he perhaps more 
than a mere accidental coincidence. 

1 Zur Flora der jSgypL-Ar. Wuitr, Shazc, p. 14. 

» Phyeiology, ftc, p. 328. > Sachs, op. cU., p. 338. 

* i/oum. Lmn. Soft Bat., iivii, p. 538. 
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Another kind of secrotion ia that of stron ^-scented ethereal 
oils, glandular hairs bsing a common feature on desert plants. 
Species of Artemisia are characteristic plants of the deserts of 
Africa and Baluchistan ; PuHraria arabica has a particularly 
powerful odour. Since Dr. Tyndall has ehowu how minute 
quantities of such oils diifused through the air are capahle of 
arresting radiant heat, it has been suggested that this is one 
of the many resources to which desert plants appeal, in order 
to reduce the ill effects of the heated atmosphere which sur- 
rounds them ; and, just as the presence and quantity of opium, 
hasheesh, aconitine, &c., secreted by plants vary greatly with 
the climate, so is it reasonable, in the absence of strict investi- 
gations, to OBsnine that these oils are in an excess through the 
intense heat and other conditions of the climate of deserts. 

Another of the more interesting secretions may be here 
mentioned, viz., of certain mineral salts, which by their hygro- 
metric properties enable the plants to absorb dew from the air 
during the hotter months and thus transmit it to the tissues 
within. Eeaumuria hirtella, species of Tamarix, Fratilcenia 
puhenilenia, species of Statics'^ and Gressa are the more re- 
markable instances. The liist-named plant having developed 
its new foliage in early spring, when water is comparatively 
copious, the leaves in the early morning appear covered 
with dew-like drops, no doubt due to root pressure. As 
the sun mounts the water evaporates, and the plant is now 
covered with a dust-like secretion of chlorides of sodium, of 
calcium and of magnesium, the two latter being in less pro- 
portion than the first. There are special two-celled glands in 
the epidermis which secrete these salts. Later on, after the 
rainy period is over, these excessively hygrometric salts absorb 
dew, which is then transmitted to the interior of the plant, and 
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thus enables it to retain its bright green character all through 
the hot season, • In a flimilar mannei' a large niinibet of veiy 
lofty Tamarix trees grow outside Cairo, but not quite oa the 
desert. They never receive any water by artificial iiTigation 
whatever, yet are in a very flourishing condition. 

Halophytic plants, and others yielding ethereal oils, though 
not uncommon in the Egyptian deeerts, in consequence of the 
general presence of salts in the sand, are of course especially 
characteristic of more saline areas, as of the Asiatic steppes. 
These extensive regions agree with the more southern deserts 
in excessive aridity and heat, and consequently we find the 
same characteristic features in the plants of both alike, such 
OS the pro<luctioa of spines, hairy epidermis, saline sap, and 
the seoretion of ethereal oils. The Ckenopodiaeete are especially 
characteristic of both regions, the salts of soda imbibed by the 
roots and reteined within the plant rendering the water less 
easy of evaporation. 

' I bod a curiona experience wjtb thia plant when diyjng it id a preaa 
(or my herbarium. Placing freshly gathered specimeus in the UKuai way 
between diylDg papers, I proceeded to change them after three days. To 
m; mriiriM) I found the abei^tB perfectly saturated where the specimenB 
were lying. They themnBlveH were covered with dew-like drops, although 
under Btrong pressure. The Baits had, in fact, rapidly drawn out the 
moisture fiuio within the planta. After freah papers were supplied the 
plant dried qnickly. There are sortio peculisritiea in the aoatiiDiy of the 
leaf of Reiaim'aria which Dr. Volkens does not allude to, though he hftB 
figured the twu-celled salt-glands, &0. One is the remarkable forme which 
the "tracheides" of the leaves assume. Instead of being more or less 
straight tubes, they bulge Into bag-like proMBseB of three or tour side", or 
else iMumH various irregular shapes. They are thick vralled, but pro- 
vided with numerous Email transverse slits. They suggest tha idea that 
they are means of temporarily storing water until it be reqoired to be 
transmitted elsewhere, and would seem to support M. Vesque's view of 
the use of vessels or water trachtidea aa " reservoirs vasiformes." * 



THK ORIGIN OF PLANT BTEDCTORES 

Similarly there ia a great eeeretion of ethereal oils in con- 
sequence of intense lieat^ Thus GiiBebach observes that Arabia 
is on this account distinguished by its aromatic and resinous 
plants, of which several are equally indigenous in the steppca 
of the East.^ While, however, these environmental conditions 
are the direct causes of the secretion of the oils, tannin, salts, 
&c., these latter in their turn aid in checking the loss of water. 
Thus Gri3el>ach observes: — "Les huilos 6th6r6e3 paraissent 
^galement agir d'une maniere restrictive i I'^ard de la dSpense 
de la vapeui aqueuse, lorsque les oi^anes de v^gfitation sont 
richement pourvus de cea ^Umenta aromatiques, L'huile 
s'6vapore plus faoilement que I'eau, et entoure chaque feuille 
d'une atmosphSro impr^gn^e de vapeura odorifiSrantes. On 
salt que les vapeurs de substances difKrentes restent ind^pen- 
dantes les unes des autres dans un espace qui en est satun^, 
mais il n'en est pas de meme lorsqu'elles sont dSgag^ea avec 
rapidite des liquides, dans des conditions oi il ne peut fitre 
question do saturation. Sans douto, cette rapidity est retard6e 
en presence d'une autre vapeur susceptible de se produire 
plus ais^ment, C'est l'huile ^th^r^e seule que la plante rejette 
corome une substance d'^vacuation, tandia qu'elle doit retenir 
autant que possible I'eau de sa sfeve, lorsqu'il s'agit de pro- 
longer la dur^e de ces fonctions vitales, Un rule de certain 
importance pourrait ^galement revenir an ph^nomine de re- 
frigeration produit par Evaporation, au moment du passage 
rapide des huilea ithSrdes k I'^tat de vapeur, ph^nomfene qui 
riagit contre la temperature communiqude par I'isolation aui 
feuillea, dont le degrd de chaleur determine auaai la marche de 
I'dvaporation."* 

Mount Sinai appears to show like characteristic features 
of desert plants to a considerable height, viz., 7035 feet ; for 



' Vig. dn Olabt, i: 
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Mr. R. M, Redhead, in some notes upon the flora, remarks : ' 
— "During our ascent of Gebel Musa, followed by that of Ras- 
es-SAfeafeh, two points especially struck me, first, the great 
preponderance of scented and especially labiate plants; and, 
secondly, the very woolly, tomentose character of those not 
labiated." He also speaks of " a very fragrant Tanaeetum or 
Artemisia with pinnated downy leaves. . . . Satureja morUana 
and S. Jjiiiana (I think) have an odour greatly resembling 
the incense used by the Greek Church, and are gathered by 
the monks for some ecclesiastical purpose. Salvia clawiedina 
has woolly pinnatifid leaves." This last- mentioned species of 
Salvia is a most variable one, and has given rise to much 
discussion and nomenclature. If, however, the effect of the 
environment be kept in view, which causes the variations, 
I think the passage from the European S. Verhenaca with 
large flowers and glabrous leaves to the S. Euro]>ean and 
desert forma, will be probably found to be exemplified by 
a gradual reduction of the leaf so as to become more deeply 
indented or of the " coronipif olioid " type, and by the glabrous 
surface passing through a pilose condition till it becomes 
tomentose, as described by Mr. Redhead; whUe the flowers 
adapted to insects run through the usual degradations till 
they become cleistogamous, Bentham thus speaks of S. 
tarttroversa, which S. dandesUna connects with S. Ferbenaea .-^ 
— " It appears that in the ordinary clandestine state of this 
plant the corolla is abortive, as frequently occurs in S. 
Verbenaca and S. clandmtina, especially in their more southern 



Gbsbral Sdmmart of Obsbbvationb on Dbsbrt Plants. — 
Very many additional instances might be given in illustration 

' Notes on the Flora of the Desert ot Sinai ; Joum. Linn. Soe. Bol., 

' Lahiatff, p. 719- 
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of each of the preceding observations; but enough has been 
Etated to bear oub the contentiou, first, that we arc justified 
in concluding from innumerable coincidences between e7iPiVon- 
menl and structure that there is some common relation between 
them of cause and effect; secondly, that all parta of plants 
are subject to variations, and that while, on the one hand, 
they may be merely casual, accidental, transient, and of no 
claaeificatory value whatever, yet on the other they may be- 
come more and more persistent and characteristic, and thence 
hereditary, affording the systematist features which he may 
pronounce as varietal or apecific, as the case may be. Lastly, 
seeing how by experimental evidence plants can lose or take 
on such characters according as they are grown away from 
or in the normal environment with which they are associated, 
the cumulative evidence amounts practically to a d&nondration 
that varietal and specific characters are solely acquired through 
the direct action of the environment, in cot^unction with the 
responsive powers of protoplasm. 



CHAPTER -IV 



' ORIGIN OF THE STRUCTURAL PECULIARITIES OF ALPINE 
AND ARCTIC PLANTS 

CLiirATic Conditions of Alpine Rboions. — High Alpine 
and Arctic regions are generftlly marked by well-known 
climatic conditions, of which aridity is perhaps the moat 
characteriatic. During the summor a very considerable tem- 
perature is acquired on the southern slopes of mountains in 
the Northern Hemisphere, in conaequence of the rays of the 
Bun falling in a more nearly perpendicular direction upon them. 
This is greatly favoured hy the highly rarefied atmosphere. 
On the other hand, as the hot air arises from the valleys, its 
heat is changed into work, which tends to expand and so 
make the air more rarefied than below ; while a powerful 
radiation, especially from snow, produces a corresponding de- 
gree of cold at night, though the light and heat may have 
been very pronounced during the day. Thus, for example, 
Dra. Hooker and Thompson, in speaking of the absence of 
cryptogams in the Alpine regions of the Himalaya, observe : 
— "This is no doubt indirectly due to the elevation of the 
region, and directly to the sudden accessions of great heat 
and drought, which are the effects of a highly rarefied atmos- 
phere."' Alph. de Caudolle also remarks :^—" La raret^ de 
Tail daii£ lea regions supdrieures ot I'action plus intense du 



' Mom Jndiea, p, i 
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Holail augniQctent, il est Trai, ]'^vaporation. . . . Dans li 
tropicauK les nuagea, qui atationnent a line certaine hauteur, 
font que la a^eheresse est infiniment plus grande au-desBua 
qu'au-dessous de cette limits." M, Heckel alao speaks of a 
flimilar aridity in high latitudes a8 follows : — " En Scandi- 
navie, I'atmosplifcre beaucoup nioins saturee d'humiditiJ, en 
raison mSrae de la plus baase temperature et action prolong^, 
beaucoup plus que chez uoua, de la lumiere pendant toute la 
aaison propice ii la floraison," &c.^ 

Up to the limits of the tree-lino mountains are character- 
ised by great moisture. Humid winds from below clothe 
the mountains witli belts of forest trees, which again them- 
selves tend to increase the amount of moisture at the same 
elevation. Above them, however, the converse conditions 
obtain. The cold becomes greater as the heated air rises 
from below, and then its heat disappears as heat, being, as 
stated, converted into working energy in expanding and 
rarefying the air. Evaporation and radiation consequently 
become excessive, especially from snow, as Sir J. D. Hooker 
Bays ; — " Snow radiates the most powerfully of any substance 
I have tried ; " and he adds, " It may account for the great 
injury plants sustain from a thin covering of ice on their 
foliage, even when the temperature ia but little below the 
freezing-point." ^ 

Correlated with these environmental conditions are struc- 
tural features characteristic of the plants frequenting high 
altitudes. Very similar peculiarities ore alao characteristic 
of plants growing in high latitudes ; eo that the vertical 
range of plants, as is of course well known, is comparable 
with the latitudinal range. 

' Su.T ilaUmiU dit Gahrit et Us Dimemtonx conndinUtt del FUttri m 
Haute* AUitvdc» ; BvU. de la Sor. Bot.de Ft., 18S3, p. i;a 
" Op. eit., p. 410 (mpra, p. S7). 
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111 Bome roBpects, as in having great aridity and a power- 
ful light, Alpiue regions reacmWe thoae of deserts of low 
latitudes; but of course th.e temperature being so di(Terent, 
the effects on plant life are also very greatly different in 
some ways, while they agree in others, 

GBNEaiL Fbatcbes of Alpinh Planth, — Speaking gene- 
rally, the features characteristic of Alpine plants may be 
enumerated as follows t — A dwarfing in size, or " nanism ; " 
3 compact habit of growth, sometimes giving a moss-like 
appearance and furnishing the specific temis " muacoides," &c. ; ' 
a certain degree of succnlency in the tissuea;* an Intcnser 
green colour than obtains in similar plants growing in the 
plains at lower levels; an increase of hairiness on the under 
if not on both sides of the leaves, which may also have ciliated 
margins;^ a greater degree of hairiness may be also shared 
by the stems ; a pubescent, villous, or tomentoee condition 
being characteristic of certain species ; with a greater brilliancy 
and size of the flowers, and a perennial habit of growth. 

The above features are such as may be generally con- 
trasted with those of similar or allied plants growing at 
lower altitudes ; hut it is not to be understood that all 
these features are to be seen tt^ether in any one plant ; 
but each of them may be often noticed on observing Alpine 
plants as a whole, and that relatively more frequently than 
in plants generally frequenting lower situations. 



' E.g., Veronica lyropodioidts, Saxifmga irgoidei, »n 
' Vtroniaa pingvifoliii of New Zealand illuBtratea thia fact ; while 
Plantaga alpina a identically the same as P. maTitima, according to 
Huffman, Vnterlunhtn OJier VaTialion, p. 29. 

' The following aie examplee having strnngl; ciliated riba or margins 
to the leaVBS : — Papaver alpinum, Draba aizoitiei, Silene acaulit, Aren- 
aria eiliata, Saxifraga androtatea, S. aapera, S. S^gaeri, and other 
Bpecies. As inetiuices o[ hairineGB, Bee M. BattandieF'ii obeervatioDs on 
Algprian plants [mpra, p. 65). 
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That these features should also be found, ODteris paribti 
in Arctic plants is not strange, for several Arctic and Alpine ' 
plants are identically the same species,' and the latter are 
believed by many botanists to have survived on the summits 
of more aouthern mountains of Europe, sineu their disper- 
sion from the higher latitudes after the cloBe of the Glacial 
Epoch. 

The climatic conditions of high altitudes and high lati- 
tudes have often been compared, the aggregate amount of 
heat in each during the summer being roughly comparable. 
But in the Arctic regions the duration of sunlight is diur- 
nally long, the raya being very oblique ; while on the southern 
slopes of the Alps, at least, the heat is greater but its dura^ 
tion shorter. The prolongation of sunlight compensates for 
the lesser aggregate amount of obscure heat-rays in the Arctic 
regions. 

The general result, therefore, accruing from the greater 
degree of cold in both regions, coupled with a correspond- 
ing aridity — always allowing for local exceptions — is that the 
average conditions of the environments become on the whole 
approximately alike, producing a certain amount of similarity 
in the fades of the floras. 

Besides the well-recognised Alpine flora of Great Britain, 
which is so well knoivn that I need not enumerate the plants, 
there are several which either do not belong to it or have 
varieties or kindred species which are Alpine ; and when this 
is the case these latter assume one or other of the normally 
Alpine features. Thua Caltha palustris is an ordinary marsh 
plant, but the dwarfer variety, minor, with solitary and smaller 
flowers, occurs in mountainous places. Again, Caltha radieans, 



' For plants conii 
tion (fit Spifzherg i 
MartiiiB, 1865. 



loD to Spitzbti^en mid ihe AljJfl, Ac, see La Ve^ila- 
imparit i edte del Alpei el dea Pi/rhiiet, par Ch. 
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nly known in Forfarshire, is said to have been found in lilafit 
ind- It may, tlierefore, be a relic of tho Arctic flora. 
Alchemilla aroeTisw ia a lowland plant, but its variety moiUana 
ie dwatf and silky, approaching tho intensely silky species 
A. aipina. Plantago maritima is somewhat floahy, being a 
maritime plant ; but it appears to be identical with P. alpiria, 
allowing for variations. Oxyria is also sub-fleshy. 

Now, as most of if not all these features characteristic of 
Alpine plants enumerated al)ove have been proved by experi- 
ment, OB will bo described hereafter, to be the direct outcome 
of a residence in the environmental conditions afforded by an 
Alpine climate, we are quite justified in regarding tlie latter as 
being their direct cause. 

With reference to the special adaptations which they have 
asBumed, M. de Candolle ' deduced the following laws as 
applicahle to planta growing in high oltitudea as well as 
latitudes. 

I. " The power of each entire plant, or part of a plant, tfl 
resist extremes of temperature bears an inverse ratio to the 
quantity of water it contains." As Alpine, like desert regions, 
are naturally arid to an excessive degree, the environment ac- 
tually brings about the very peculiarities of the plants which 
enable them to resist the difhculties of their position. 

a. "The power of roeisting cold [and beat] is in a direct 
ratio to the viscidity of the juices which a plant contains," 
which are therefore dried up less readily if the heat bo great 
as in the deserts. " This may be one reason why resinous 
trees, such as some of the Oonifera, are found to brave so well 
the cold of the moat northern latitudes, and likewise that 
of the highest mountains of the globe." The resinous secre- 
tions of the Finacem are, however, the actual outcome of the 



' Quoted by Daubeuey, " On Oliinnte," [i. 77. 
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dry climatal conditions under which they thiiyo- Convereely, 
Sir J. D. Hooker remarks on the absence of many useful pines 
at a high elevation near the Tibetan frontier, where they 
might & priori be expected, if it were not for the humidity ; 
for he says that Abies Brunoniana and A. Smithiana growing 
at Lamteng fail to produce any quantity of reain, turpentine, 
or pit«h, a fact " which may perhaps be accounted for by the 
humidity of the climate." ^ 

3. " The resistance to cold in a plant ia in the inverse 
ratio to the mobility of its juices, just as we find that water 
may bo cooled aeveral degrees below the freezing-point without 
passing into a state of ice, if only kept undisturbed." 

4. " The larger the diameter of the vessels and cells in 
a plant may be, the more liable it is to injury from frost; 
just as we find that water becomes solid much sooner in wide 
than it does in capillary tubes." Perhaps the absence of 
vessels in the Pinacem is correlated with this law. 

5. "The power of resisting extremes of temperature bears 
a direct ratio to the quantity of air entangled between the 
parts of the vegetable tissue." 

"The down which covers the exterior of certain organs 
in many plants [is] a protection against both excessive heat 
[as in the deserts] and excessive cold [which results from 
radiation in the high Alpine regions], in consequence of the 
air contained within its meshes, which serves to prevent 
the rapid transmission of heat either from without or from 
within." 

The point, then, which I maintain is that the excessive 
aridity, the brilliancy of sunlight, and the great cold arising 
from radiation are the actual caums which have brought about 
all the peculiarities of anatomical details which characterise 



' Uim. Journ., Minerva edit., p. 31S. 
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high AJpJna vegetation ; and that these atructurea themselves 
render Alpine plants beat fitted to survive, being in direct 
adaptation to their environment. 

I will now consider special ijeculiarities of Alpine plants. 

Kanibm. — The dwarfing of ligneous plants, such aa willows, 
bireheSj beeches, firs, &c., whether on high mountains of both 
worlds oi' in Arctic and Antarctic regions, is too well known to 
be emphaaiaed here ; but the same rule applies to shrubs and 
herbaceous plants. Thus, in Coulter's manual of the Botany 
of the Kocky Mountains, as Mr. Cockerell observes,' "Tliirty- 
nine varieties are deacribed which are peculiar in part at least 
for their dwarfed stature ; " and he adds, " that such dwarfing is 
the result of external eonditioua can hardly be disputed," Of 
herbaceous plants he remarks : — ■" Plilox is a genus of fine 
herbaceous plants; Silene in ita usual forms ia not insignifi- 
cant in size ; but on the summit of the Colorado Mountains we 
get species of these genera. Phlox etmpifosa and Silene aeautts, 
so dwarfed and densely matted on the groimd that people 
call them 'flowering nioasea,' Here clearly the dwarfing haa 
become permanent and peculiar to the species." 

M. Th. Eittener has some interesting observations on 
species of Gentian. He describes,^ under the name of 0. 
Favraii, a variety of G. vei-na, differentiated from the type 
by the divisions of the corolla being larger, by the stem being 
shorter, and especially by its rounded leaves, which are much 
smaller. This variety, "produced by altitude and exposure," 
aa he observes, is the last term of diminution of the type. 

' Nature Notes, Vol, v, p. 15 ; and Nature, vol, iliii. p. 207, where Mr. 
Cockerell nevdleiiely Bn^esta that " naturiLt Eelection may come into pluy." 

" Oeniuina verna, L, ; M. Th. Rittener, StUl, Soc, Vawl. Sd. Nat., 
iili. p. 95, ]SS6 (Laueanne), with platca giving comparative drnvings i>[ 
O, Favrali, Q. braehypkylla, Fioel., O, Vema, L., Q. attgvioia, Bish., and 
0, imbricala, Sohl. 



Mr, P. Sewell also speaks of jjlaiits growing at i 
of 7000 feet on the Maritime Alps as being 
dwarfetl." ' 

The " muBcoidal " or moaa-like feature of many Al] 
plants is not uofamiliai to explorers of our own moimttuiu^ 
Bucli OS Armaria Ckerleri, Benth. {Cherleria sedoides, L.); 
Sagina IdnniBi, aubsp, nivalig; Silene aeaulia, L, called "Moss 
Campion " in Scotland ; similarly Saxifraga hypnoidea and its 
varieties, as well as 3. aizoides, &c, ; but such forms of plants 
are developed more or leas on all mountains of considerable 
height. For example, Signor Boloa writes me as follows from 
Spain : — " Many species which grow in our valleys and on 
the Pyrenean Sierras (Alpine regions) present in their places 
dwarf forms ao distinct from the original type that they 
appear to be different plants or varieties, such, e.g., aa 
damine amara. Erysimum, oehTeleticumf Aquilegia vulgi 
This last is also very viacouB." 

Sir J, D. Hooker writes : — " On the top of these hilla 
(of the Palung Plateau), which, for barrenness, reminded 
me of the descriptions given of the Siberian steppes, I found, 
at 17,000 feet elevation, several minute Arctic plants, with 
Rbadodaidron nivale, the most Alpine of woody plants. On 
their sterile slopes grew a curious plant allied to the Cherleria 
of the Scotch Alps, forming great hemispherical balls on the 
ground, eight to ten inches across, altogether resembling in 
habit the curious Balsam-bog, Balax gleharia, of the Falkland 
Islands, which grows in very similar scenes." ^ 

Dr. Aitchison describes similar hummock-like forms at 
elevations from 3000 to 5000 feet, in Afghanistan, "similar 
to the peculiar South American genus Bolax, which vary 
from the size of a football to small mounds twelve feet across 



they 
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and five feet high. The plants taking tliis foj-m are umally 
species of AeanthophyUum belonging to Carijophyllea, Astra- 
'jaliis and Onobrydiis among Legtiminogir, and AeantJiolimoit 
ajxd StalicB oi Plumhaginea." ^ At an elevation of 5000 feet 
he epeakB of "a very mosa-like priniiilawous plant, Diony»ia 



MM. Bureau and Franchet deseribe a number of dwarf 

plants from Tibet; for the flora of the r^on where they 
were collected is marked by the stuntad form of the shrubs 
and dwarf character of the herbaceous vegetation. "It is 
characteriatically a vegetation of high peaks, where drought 
and strong winds are the main climatic features. The Papa- 
veraeece are represented especially by dwarf, large-flowered 
kinds of Meconopsis. The greater number of the species of 
Coi'ydaUs are not more than two or three inches high. The 
Cnid/erte, such as Parrya etUaris, in the same way are dwarf 
and large-flowered. Silene asepitom may be compared with 
the moat dwarf states of S. aeaulis of our own high mountains. 
The honeysuckle of Tibet constitutes only 11 small bush about 
a foot high, with intertangled branches. But it is especially 
in the Rhododendtons and Primulas that this dwarf character 
is remarkable. All the Rhododendrons and Primulas found 
between Lhassa and Sitang — R. pHneipis, R. primulceftonim, 
R. nigropuneicUum, Primula leptopoda, P. diajilha, and P. 
Henrid — may be ranged among the dwarfest types of the 
genera to which they belong. It is the same with Incar- 
The Tibetan species belong to a group found also 

» Op. eit., p. 431 (tupro, p. 37). 

' Ibid., p. 417. For a good illustratiun of two Bpeoite of the genna 

Bmalia, which naaiiLnea this qimiot form, the reader may be lererred to 

"The Natural History of Plauta," by Kerner and Oliver, p. iSS, fig. 253, 

where a acenoio New Zealand ie given with iT pufvAuirW and ZT. Siadairii, 

I tbe lo-Golled " vegetable sheep," represented as growing upuu the rucks. 



96 THE OHIGIN OF PLANT STRTTCTDRES 

in KaDsu nnd Central Yunnan, with atema almost; obliterate 
and corollas very large." • 

In the Southern Henusphere there is the familiar Nen 
depressa of cultivated plante, and if we travel further soatli^ 
wards we should find Drapetes vvuscoga (Thymelacete) occurrii^ 
in Semite Island and the mountains of Antarctic America ; 
Bolax glebaria, alluded to above, which forms hemispherical 
halls on rocky clay-slate in the Falkland Islands; Azordla 
Selago, the most abundant plant in Kerguelen's Island ; and 
the unique LyaiUa Kergudmsis also on Kerguelen's Island. 
Lastly, Goudoiia tolimensis represents a Hepatica.^ 

Such are a few of the innumerable instances of nanism 
which applies to trees, shrubs, and flowering herbs of all 
kinds which are capable of Uving in high Alpine regions and 
in high latitudes, Arctic and Antarctic. 

Cadbes of Nanism. — Though the general or perhaps the 
chief cause of nanism on mountains and high latitudes is un- 
doubtedly a low temperature and aridity of the atmosphere ^ 
which checks growthj it must be noted that any cause which 
has this effect may bring it about, and if persisted in for many 
generations begets a varietal or specific type. Thus on our 
chalk downs the soil is often only a few inches in depth, 
and the plants are to a large extent more or less dwarfed. 
Consequently, some are recognised as sub-species if not species 
by systematists ; as, e.g., Cnicus acaidis, which, however, 
readily produces its stem in a rich soil, and when growing 
among other plants of some height ; Erythrcea Centaurium, 
aub-speciea capilata, growing on the Downs of Sussex and the 
Isle of Wight, with a short stem; similarly, the "stunted" 
character of Polygala calcarea is probably due to the dry b> 



' From i¥"u(«™, vol. liiv. p. 2 
" ^Bn. del Sei. Nat., 36i. 3, t 
• See De Candolle, O^og. Boi 



1845, pi. 4. 
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in which it grows, &c. It is quite conceivable that ft poor 
soil may often contribute to the production of nanism and 
"starved" forms which become perpetuated, aa of Poa rigida, 
and " dopanperated " conditions, which, indeed, often supply the 
specific name " depauperata." 

A further result arises from the impoverishment of the 
seeds. Thus M, A. Eoujon ^ selected the smallest seeds from 
the least developed specimens of Helianfhus annuus, of CoZere- 
dula arveneis, and Zea mais. In two years lie obtained very 
diminutive plants, Of these, maise was reduced in size to 
20 cms., while GcUendula arvensie resembled Cieendia fiUformi», 
and Iwre one 6ower only. While the height diminished, the 
number of seeds decreased, the ultimate result being absolute 
sterility.' Such, however, is by no means always the case ; * 
for although Vilmorin possessed a sterile dwarf, Ageratum 
aeruUum, which could only be propagated by the vegetative 
system, another plant proved to be very fertile and fixed in 
character. M. Verlot/ who mentions this fact, says that 
dwarf races of cultivated plants possess the faculty of repro- 
duction in a high degree. He observes that nanism is com- 
moner with cultivated plants than in wild conditions, and tliat 
but few kinds of plants have not sooner or later produced 
dwarf varieties, such as the French bean and scarlet runner, 
&c He adds that both Lamarck and Linnieus noticed that 
poor silicious soils, as well as dry and arid ones, predispose 

' De qtuiqaa Foriuiioin eontidiToMet iMervita ehes lea VigHonx. 
/oum. d'BUi. Nal. de Bordeaux et du Sud-Otiesl, turn. iii. p. 156, 1884. 

' My own eiperimenta have already been referrud to {lupia, p. 6). 

' I hikve repeated these experiineuts with otliec plants, and have raised 
a crop of candytuft for foiir yearB, of abont three incheB in height, by 
selecting the amalleBt needs. It requires further testing, for in the present 
year ( 1894} several individuals have recovered their normal height, uthera 
reiDoiidug dwarf. 

* Sur la Prvdttclirm et la Fixation dei Yari/tis, ite,, 1S65. 
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plnnta to nanism. Thia I have myself obaervod in E 
Thus I found plants of Sanunoalue acelercUus growing 
the Great Pyramid only two inches in height. J-uncua bufonivs 
forms little tufts scarcely an inch in height among the rocka 
in Malta ; and Calendula agyjptiaaa, which attains to a height 
of two OP three feet in the cultivated Nile-land, is only a few 
inches in height in the desert. Mr. Cockerel, who studied the 
plants of the Rocky Mountains, attrihatea the hereditary char- 
acter of nanism to impoveriahment.^ 

Some, if not all, of such dwarf wild-flowers would prohably 
regain a corresponding vigour and much greater height if 
gro\vn in a richer soil. Such cases, therefore, will not apply 
to dwarfs arising in the usual conditions of cultivation in a 
rich and prepared soil. 

Though so many dwarf varieties appear under the hands 
of horticulturists, and, if desired, can be carefully selected 
and propagated till their nanism is fixed, the cultivators, as 
a rule, can give no account of the cames which first produce 
thia character. M. Verlot, however, found that he could 
almost raise them at will among many annuals — in which 
dwarfs mostly occur — by sowing the seed late in the season, 
from August to September, and by successive "pricking" out 
of the seedlings. The following is his own account of the 
procedure :*—" Prenons pour exemple le CalUojisis tindona. 
Aptte I'avoLT semd en aoflt-septembre, nous devrons, dans una 
culture bien entendue, d^ qu'il aura d^velopp^ quelquea 
feuilles, le ropiquer dans une pdpini^re d'attente, en laissant 
ontre les plantea un espace suffisant pour qu'ils puissent croitre 
librement Loi'sque les feuilles viendront a se toucher, nous 
dovrons n^cessairement op^rer uu nouveau repiquage, que nous 



' Nature, vol. xliii 
' SuT lit Prodvctio 
ml, 1865, \: 40. 



c[ la Fixation del VarUUt dam let Plamtet d'm 
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renouvellerons une twiaiimo et peut-fitro niCme une quatrifemc 
fois ; aprta quoi iioua lea mottJonH en place. Or, qii'auronB- 
noua obtenu pui ccb repiquagea succeBsifsl Dea plonteB fortes, 
vigoureuses, f ermeB, trapues ; noue aurons favoriad lo d^- 
veloppement des romiGcationa infdrieurea qui bo aera ii^cea- 
aairement opSrt qu detriment de wlui de la tige principale, et 
noua aurotia ainsi ci^e un individu comparativemont nain. Si 
maintenant nous r^oltona dea grainea aur lea plontes ainsi 
cultiyi^ea, et que noua donniona les mcmea soins aux iiidividua 
qui en nattront, noua obtiendrons, d'annee en ann^e, dea etrea 
chez lesquels on aura fait d^velopper une certftiue tendance 
au naniame. En un mot, des grainoa tecueilliea sui des plantea 
ninsi trait6es pendant plusieurs generations aeront plua aptea 
que d'autres k produire dea vari^t^ nainea, et cela est tcllcmetit 
vrai que la plupart de ces variet6s apparticnnent h des plantcs 
qu'oQ peut semer i I'autonme, ou bien k cellea qui, Komdoa nu 
printemps, sont soumiaes k des repiquages auccesaifs. Ainai, 
parmi les espJces annuelles qu'on afeme habituellement do 
juillet en septembre, lea suivantes ont produit les variet^a 
nainea : — Calceolaria plantaginea, Senecio cruentus, Arfro»temma 
Cceli-Roea, Calliopsis iinctoria, (Enothera Drummondii, HbU- 
chri/inim braeleaium, Leptosiphon denaifiorum, Dianthua emettsin, 
Seabiosa afropurpurea, Sdiizaiithus refuma, Iberia umhellala. 

" Et parmi eeUea qu'on sfeme au printempa, et dont lea 
plontes sont soumises k dea repiquagea aucceseifa, nous citerona 
les Buivantea; Impaliena Balmvu'na, Gallistepliua aittenaie, 
Tar/eiea palula, T. et-eda, T. siijaata." 

It may perbaps be suggested that it waa due to a similar 
cause, iu tbe case of the autumn-sown plants, to that which 
produces Alpine nanism, namely, a reduction of temperature 
and a checked vitality ; because when M. Bonnier grew 
JJeliunthus titberoma at high elevationa, it did not form its 
'onstomary toll central stem, but a rosette of leaves only on 
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the ground. Similarly by sowing plants late in the e 
the temperature becomes similarly insufficient to develop t 
main axis : even the euccessive pricking out, by repeat 
cheeking growth, may have had something to do with it. 

An analogous circumstance is eeon in ohecking the repro 
ductive energy in the origin of the garden carrot, as raised 
by M. Vilmorin; who, by sowing the seed of the wild 
annual plant in autumn, succeeded in fixing the habit of 
flowering in the second season, thereby converting it into 
a biennial. 

As another and quite distinct cause of nanism is by pol- 
lination, M. Verlot \vriteB : — " Un fait eurieux, dont nous 
devona la communication a I'obligeance de M, Mac-Nab, de- 
montreruit cependant qu'Stant 0[i6re6 d'une certaine manifcre, 
la fSeondatioQ pourrait produire des individus ayant une 
tendance au nanisme, . , . ' II est nne circonstance qu'on a li- 
cemment fait connaltre,' dit M. Mac-Nab, ' et sur le r&ultat de 
laquolle on no doit avoir aucun doute ; c'eat que les meiUeures 
vari6t6s naines de Rhododendron sont celles obtenuea par 
I'emploi du pollen pris sur les petites litamines. Les produits 
qu'on en obtient, je puis le certifier, sont tris difffirente de 
ceux obtenus par I'emploi du pollen des grandes iStaminea.*"' 

M. Bonnier, in a later and more elaborate account,^ figures 
and describes the appearance of several species of plants which 
he grew both at a low and a high altitude respectively. The 
latter were dwarfed and much more hairy. Helianthus ittheroBUt 
formed nothing but a rosette of very shaggy leaves on the 



' Verlot, op. nil., p. 42, See alu> Darwhi'a reference to Naudin'fl 
Hiperlirenta {NovveUei Archivei du Jfus^in, torn. i. p. 27) in raising 
dwarf and inipoTerlBhed plants b; fertilising witb onlj n few grains oC 
paUen. "Animals and Plants," J:c., ii. 369. 

' Sevue Q&n. de Bat., tam. ii. p. 513. S«e also Omipla Sendvt, cil. 
1890, p. 363; torn. cjti. 377. "' 
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ground; while Acheiiii/la vul'jarig, Lotus corniculatus, and 
Potentilla TonnentUla formed prostrate iuBtead of erect 
flowerinj,' stems. This arrest of the main stem witli a pro- 
duction of a rosette of radical leaves is a common mountainous 
feature. Mr. Scott Elliott ^ foimd it to be so in the South 
African MountainH. He aays ; — " I liave often noticed that 
the commonest form of the plants growing on the summits 
ia quite different from that found lower down. Perhaps it 
is beet described as the Hieracium type. It is distinguished 
by having crowded radical leaves. It 13 strikingly absent 
on the lower slopes except in moist places.* 

The prostrate habit mentioned above is also characteristic 
of many Alpine plants. This is well seen in the creeping 
willows, &c., at high altitudes in Switzerland. Dr. J. A. 
Henriques, of the Botanic Gardens, Coimbra, tells me that 
JumperuB juttta modifies itself in a similar manner on the 
Sierra da Estrella, the highest mountain in Portugal; "Dans 
les r^ona elevfes (1900 m.) tons les rameaux sont tout a fait 
farcis et la plante s'accola aux rochers, et tout 9a sans doute 
k cause de la neige que la recouvre pendant quelques mois." 

So Dr. D. Mariano de la Paz Graeils observes in a letter 
to me: — "The low temperature of the soil and air of such 
[Alpine] regions acts by restraining the expansive forces of 
the organism, which thus tends more aud more to contract 
than to expand ; hence the reason why living creatures when 
subjected to the like influences become dwarfed at high 
elevations, though when the same species is removed to 
a lower zone it acquires larger proportions. Such is the case 
with Juniperua- SaUna, J. vidgarin, and /. arborescms, J. 

■ Op, eii. {lupra, p. 46). 

' For farther literature on this aubject, the reader maj be reforred to 
Prince Krapotkin'a "Kecent Science," Niaeteenlh Oatlurj/, April 1S94, 
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pyramidata, and the variety hujiiilw, which is proatrate, fonnifl 
ing rounded and very dense tufta. It has consequently been ' 
called the 'ci%eping Sabina.' J. nana, also called a/pitta, 
which ia neither more nor loss than J. communie, L., sends 
out from the very ' collar of the root ' long branches trailing 
on the ground, as ie generally the case with perennial 
Alpine plants." 

As another illustration Mr. D. Dewai of the Botanic 
Gardens, Glasgow, hag kindly communicated to me the follow- 
ing: — "Arabig anackoriica, a species found in cave-like 
situations in the Alps, and on account of which it lias very 
thin papery leaves, was introduced to Kew. In three gene- 
rations raised from seed we turned it into A. alpina. Similarly 
Qeum montanum is a low-growing, one-flowered species on 
the mountain tops; but when it occurs lower down and 
under the influence of the rich wash from the cowsheds, it 
grows three times largor, with a branching, many-fiowered 
etem, and bears much larger flowers. Geum Chiloeme aiTords 
similar changes, G. G. grandijlorum is simply the result of 
cultivation, a most marked instance of variation under new 
conditions." 

That a warmer temperature of the air than that of the 
soil is the main cause in the production of on erect stem 
at low altitudes, and conversely a prostrate one at higher 
elevations, seems lo be probable from the following additional 
considerations. In the summer of 1889, which was a warm 
one, the stems of ^L Bonnier'a experimental plants increased 
in height ; while they were checked in growth when a lower 
temperature prevailed in consequence of the. surrounding air 
being insufficiently heated in the rarefied atmosphere of high 
Alpine regions. 

On the other hand, tlie temperature of the soil is higher 
under those conditions than that of the air immediately 
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above it, so that lliermolropimn niny, I think, be suggested, 
in the absence of sufficient experimental evidence, as the 
direct cau^ of the shoots pvodaced at the base lying along 
the ground. 

The following analogy will, I think, tend to corroborate 
this probability. When plants are grown in total darkness, 
as potatoes, &c., there being nothing but a sufficient heat to 
induce growth, the stems are abnormally elongated, and of 
course white and leafless ; secondly, if plants are grown under 
coloured glasses, I find, aeteris paribus, that the stems become 
increasimjly elongated under green, yellow, and red glasses 
respectively, corresponding to a relatively increased amount 
of calorific rays with a diminution of the total amount of 
luminous and more refracted rays of the spectrum. 

Ab anotlier example, ivy when it has climbed to the top 
of a wall, instead of growing erect into the air above it, grows 
at right angles to the previous portion of the stem, i.e., 
along the horizontal surface of the top. As this is equally 
illuminated with the vertical surface, there could bo no other 
conceivable difference on d priori grounds except temperature, 
the top of the wal! being presumably warmer than the air 
immediately above it. The ivy will there grow either towards 
the sun or away from it. 

From the above and many other similar facts it would 
seem that we have sufficient grounils for concluding that 
the temperature of the air surrounding the plants is insuffi- 
cient for producing an erect axial development in Alpine 
situations. It would seem, therefore, that we must look to 
the diffsreneea in temperature between that of the soil and 
that of the air above it. If the latter be relatively colder 
and the former relatively warmer, a prostrate habit may result. 
If the air, however, be very warm, an elongation of the stem 
.^IPay he expected, especially if tlic amount of light be reduced. 
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M. de CaudoUo observed that the aoil is wiirmcr ttmn the ' 
air in high nltituiies, for ho eajs : ' — "Les brouillards etation- 
nent sur lea hauteurs auttout pendant la nuit; lea aommiti^ 
sont souvent digamies de nuagea aux heurea lea plus chau<les 
do la joumde ; cnfin la ncige les empSche dans heaucoup 
do oas de ee refroidir pendant I'hiver. II en rteulte que 
la couche superflcielle du sol doit en g^nfiral etre plus chaude 
sur lea montagnea que daus la plaine, la mofenne ext^rieure 
etaat suppos^e semhlablc. M. Ch. Martins a constat^, au 
sommet du Faulhorn, une temperature moyenne du sol bien 
atipirieure a celle de I'air" (S^riea Meteor, au Sommet du 
Taulhorn).^ 

IN'ot only is it the case in high altitudes and high latitudes 
as well, but the same interpretation would seem to account 
for decumbent and prostrate atoms in other localitiea, char- 
acters which are often regarded as specific. Thus I noticed 
in Malta, which is remarkable for its rocky character, that 
very many plants growing exposed were prostrate, the leaves 
spreading out in close contact with the ground, or if growing 
in crevices in the limestone rocks, the leaves were closely 
adpressed against the surface. When dug up, the leavea would 
become still more reflexed and press themselves down against 
the tap-root, as, e.ff., Taraxicum ojieinale, var, minimum, show- 
ing how strong the epinastic tendency was. Mcdva sylveatrie 
assumes two well-marked forms. When it grows, but very 
rarely so in Malta, among other planta in loose rubble or 
deeper soil, it is erect, growing to a height of two, three, or 
more feet ; but it is almost invariably to be seen by hard road- 

^ Oiog. Bot., i. p. i6a 

' Kerner nnil Oliver give a pretty II strat o of p xtriitt^ and dwarf 
Alpine plauts, aa Welt aa a table show ug th "» f thn munii tempera- 

ture of the soil above that of the a D tl C nt st Tyrolese Alps. 
" Natural History of Plant"," i. p. 524 » q 
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sidoB in Mnlta, with, a very slight depth of soil over the 
lock. In this condition it ia perfectly prostrate, sending out 
its numerous liranchos in cIdbb contact with the ground.^ 
Malva parviflora lius exactly the same habit, both in Malta 
and on hardened soil about Cairo ; but when it is cultivated 
in fields in £gypt as a pot-herb, it then sends up erect atoms, 
the tendency to " prostration " being very much reduced. 

As another Maltese illustration, the cultivated " clover," 
Medyearum coronarium, grows in the fields to a height of three 
or more feet, while atray plants may occasionally be seen by 
the roadsides. Tliese are then iia prostrate as the mallows. 

Bluebells may be often observed in early spring ia England 
with their first formed loaves pressed upon the ground, while 
plimtauis always have them in this condition when growing 
in a closely cut turf. They are much more erect in loose 
grass by roadsides. 

The following observations on temperatures wUl perhaps 
show how thermotropism may account for the prostrate position 
of the leaves of certain plants. 

The temperature on the surface of the damp soil by the side 
of a bluebell, growing in the shade of trees, at 9.45 a.m., 
iSth April rSgi, a sunless morning, was 47° R The tem- 
perature of the air three inches above the ground at the same 
spot was 44.5°. At 4 F.K. of the same day, on the surface of 
the soil the temperature was 60°. That of the air 3 inches 
above it was 52°, 

On a tennis-lawn, the grass being covered with dew, on the 
same morning the temperature was 52.5°. At 4,30 p.m. of 
Uie same day, the temperature on the grass in shade was 59°. 
Three inches above it, it was SS°- 

The temperature of the grass exposed to the sun on the same 

' I bn-ve obaerved tlit amne featun a jii England, but leaa frequtntlj. 
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day and hour was 60° ; three iachea above it, tlie temperatuifl 
of the air was 58°. 

On a dry surface of a flower-bed, which was damp imme- 
diately below, the temperature was 62°. That of the air 3 
inches above it was 54°. 

These examples will show that during the daytime in early 
spring the temperature of the ground was higher than that of 
the air immediately above it ; and as light is one of the moat 
important agents for exciting the enei^es of protoplasm, so too 
thermotropism is probahly also most active during the day in 
causing leaves and stems to lie flat upon the surfaces around 
them. It may thus account for the several plants assuming a 
prostrate habit at high altitudes when M. Bonnier grew them 
there, which are usually erect at lower elevations where a 
warmer air temperature obtains. 

Lastly, these various habits are used by systematifits as 
dassiScatory characters, because they are tolerably constant 
under the conditions in which the plants are usually collected. 



CHAPTEE V 

AHACTEBISTIC FEATURES OF ALPINE AND ARCTIC PLANTS 
{eontinued) 

I Foliage op HrGH Alpine PLAKia — The tendency to reduce 
1 of the leaves of plants in very high altitudes and 
latitudes is in many plants eo marked as to become a repre- 
sentative feature ; and when precisely similar results ohtaiu in 
plants of widely dissimilar orders, but are assouiated with an 
excesaively dry atmosphere, one cannot but be comiiclled to 
assume that a like cause has produced a like effect. As illus- 
trative of this fact, the Alpine Veronicas of Kew Zealand 
mountaina are quite comparable with members of the Cuprea- 
sineiB of California and Japan; while Tamarix and Sahola 
Pachoi of the African desert have precisely similarly adpresaed 
diminutive leaves. ^ 

A brief account of a few selected species of Veronica will 
not be out of place. Not only do they pass from strong grow- 
ing bushes in the lowlands with lat^ coriaceous leaves to 
dwarf shrubs, and even moss-like carpetinga at high altitudes, 
but the leaves become smaller and smaller till they assume 
the closely adpressed form typical of Thuja, Retinospora, 
Oitpresmg, &c. 

When they have become "degraded" to this stage, they 
jay throw out the "earlier" more spinescent {or else the 

' See supra, p. 4S. 



I08 THE nniGlN OF PLANT STRUCTURES 

(Mit-leaved) form, and becomo dimorphic, precisely lis is the case 
with Ouprenaineie aad TamariBcinetE. 

The following speciea wiU illuatrate these obserrations. 
Commencing with the amall-leaved form V. buxi/olia, the 
foliage of which rosomblea that of our box, as the name 
implies ; it grows on the mountains of Canterbury Province. 
The next in ascending series is V. letragona, reaching to aji 
altitude of 3000 feet. V. cupreaaoides forma bushes five 
to six feet high up to 4000 feet, hut becomes a dwarf 
plant only one foot high at 5500 feet. Similarly V. Pime- 
loidea becomes reduced in size from two feet to ton inches 
in rising from 1000 to 4000 feet. At 5000 feet V. ietradicha 
is met with as well as V. pinguifolia, ranging from 2500 to 
5000 feet, together with the probably ancestral form of 
Veronica, viz., Pygmaa eiliolaia, having five petals hut only 
two stamens; this assumes a "muscoidal" form, while P. 
pulvinaris makes a carpet-like covering on the ground at 
6000 feet. Again, at 5500 feet the aub-fleahy V. scdieomoides 
and the dwarf form of V. cupressoides are met with. At 
7500 feet V. Bucluma/tii forma straggling shrubs, its range 
extending from 30DO to 7500 feet. Lastly, at 8000 feet V. 
Hectori is to be seen on the mountains of Otago, forming 
spreading patches six to eight inches high, and dimorphic 
as the other species. It is associated with V. Lyeopodioides. 

It wUI be thus seen that the genus Veronica fumiahea 
exactly parallel features with other genera of plants in 
mountainous situations, and that under similar climatic and 
other conditions we alwaya find closely representative tyj)es 
of foliage, so that botanists at n pply specific names 
indicating the similarities. All I ntond for, therefore, 
is, that such forms are due to p ly th ame causes ; Uie 

same or homologoua organs put up !y the same morpho- 

logical features in response to th milar and direct actions 
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of a like environment : so that all tboae species have arisen 
without any aid from natural selection whatever. 

PiLoaisM OP Alpine Plants.— The peculiarity of hairinesa 
is often pronounced in certain apeciea, so that many obeervers 
of Alpine plants have noticed it ; and it may be remembered 
that piloaism is particularly noticeable in plants growing in 
any very dry situation as compared with aquatic species 
and denizens of marshes in oui temperate climates. Thus, 
for example. Sit J. D. Hooker describes " lai^e silky cuahiona 
of a Foi^et-me-not growing among the rocks " in Sitkim.' 
Elsewhere he alludes to a strong-scented silky wormwood 
and a woolly Leontopodium,^ The common English species 
of our fields, MyosoHe arvensia, is very rough, with spreading 
hairs ; but in the true Forget-me-not, the aquatic M. paliMrin, 
and the sub-aquatic M. cwspitoaa, they are scanty and ad- 
pressed.^ 

Linnaeus mentions how Myosotin varies in this respect : — 
"Myosotidis fohis hirsutia et glabria varietatea, apud Casp. 
Bauhinum aliosque enatte aunt."* When we look for a 
general cause it appears to be the same as elsewhere, viz., the 
aridity of the atmosphere as well as perhaps an insufficient 
supply of moisture in the soil ; for aridity, as already stated, 
tends to check the development of the parenchymatoiiB tissues, 
while this causes a diversion of energy, so to say, which 
finds vent in pilosism.* 

' Op, tit,, p. 3S5 (sup™, p. 92]. ' Op. cil., p. 406, note. 

' I find thiK VHiiation id the direction of the haira is lo some extent 
correlated to a dry and moint atmosphere. Thus, e.g., un the runners of 
ftonuneu/iu rep«w the haira may lie in either direction, parallel or perpen- 
dioular totbe axis. They are somewhat peculiar. Tbo basal part is beot 
like a "hoclce; " sticli, the lumen being contrueted at the head ; the base 
of the hair heiag, so to say, banked up by rounded cells on one side. 

• PkUo*. Bot., p. 247, % 316. 

• See ntpra, p. 59 seq., for a diflouaaion on this subject. 
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Professor Eug. Warming, ill deacribing the plants of Lngoa 
Santa (Brfeil),^ observes : — " En r&lit^ rien n'est plus rare 
dans les Campos de I^goa Santa qu'im vi^g^tal vraiment 
vert, . . , Eq 1865, Netto attribuoit ddjJi au refroidissement 
que subiaaent les plantes des plateaux ^lev^ du Br^il ce 
d^veloppement exceptionnel des poils siu tons les organea 
a^rieiiB." 

In both cases the coubb at pilodsm appears to he due to 
a check to growth, in the deserts by heat, in Alpine and 
Arctic regions by cold. 

That pilosism is a direct result of climatic conditions is 
obvious from experimental evidence ; for it appeared as soon 
as plants brought from lower altitudes were grown at much 
higher ones ; and conversely the hairiness at once decreased 
when they were brought down and cultivated at lower 
levels. M. Eattaudier discovered this to be the case in 
the observation I have already had occasion to quote in 
reference to tlie hairiness of desert plants.^ He remarks that 
pUosism is very general upon all the French mountains ; and 
M, Bonnier, who grew a number of plants taken from the 
plains to high altitudes, found that many " became very 
hairy;" Helianthus tuberoeus, for instance, developed even 
"very shaggy" leaves. Similarly in the Pyrenees, Sign. 
Bolos writes me from Spain about Lavaiera raaritima: — 
" Between the variety which grows on the littoral zone and 
that which grows at St. Andiol de Viga (Eoatom Pyrenees — 
height, 600 metres) the difference is so great that the latter 
has been classified as incana. It is very hairy, while its 
stalks are very robust and corrugated." 

On the other hand. Sir J. D. Hooker found that it was 

I Op. cit, p. iS5(Bur™. p. 2)- 

* Note ttir del Cidluret eompariea des mSmt$ Etpica d divertti AtlUudu. 
Bidl. de to Soc. Bot. de Fr., jSS6, p. 46;. 
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exceptional on certain high altitudes on one of the passes of 
Tibet. He describea, indeed, Sausiurea gomyiiina as forming 
"great clubs of the softest wlilte wool, six inches to a foot 
high, its flowers and leaves seeming uniformly clothed with 
the warmest fur that nature can devise." This reminds one 
of the Edelweiss, GnapJialiiim leoniqpodium of the Swiss Aljis. 
"Generally speaking," he adds, "the Alpine plants of the 
Himalaya are quite unprovided with any special protection 
of this kind; it is the prevalence and conspicuous nature 
of the exceptions that mislead, and induce the careless observer 
to generalise hastily from solitary instances ; for the jirovailing 
Alpine genera of the Himalaya, Arenarias, Primroses, Saxi- 
frages, Fumitories, Ranunculi, Gentians, Grasses, Sedges, &c,, 
have almost uniformly naked foliage," ^ 

"With reference to the acquirement of haii by fleshy-leaved 
plants when growing at high altitudes. Dr. D. Mariano de 
la Paz Graella observes that some do not change, while others 
do. He thus writes : — " With regard to the thick-leaved 
plants which I have seen growing apontaneoualy on the 
Mediterranean coast, among them being Mesembryanthemum 
aJihreviattim, Caclun Opuntta, Aloe vulgaris, Agave Americana, 
when they have been removed to the central tahle-land of Spain, 
even to the height of looo metres, in spite of this elevation 
and of the wiutera' frosts and snows, I have never observed 
their leaves to develop any hairiness. They continue fleshy, 
succulent, hairless, and smooth. On the other hand, hairiness 
will present iteelf on the thick-leaved plants of Pyrenean 
and Alpine regions ; for I have frequently found in the snowy 
and frosty regions of the Sierra do Grcdos, Seduni Higpanicttm,^ 



» Op. ri(., p. 

» S.IIiiipani 
that it nppenrs 



156 Uupra, p. 92). 

'im is deacribed in De Cand., Prod. iii. 406, ''/oliii gl 

becoliip hairy like the fionnallj Alpine ipeoies S. 
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S. vUloBum, and S. hirmtum, which wear their tomento 
raiment, as well as Pictoricia Hispanica, D. C-, so comm 
on the sandy plains of hoth Caatiles," 

Pseud o-Speoies of Botanists. — Dr. D, Mariano de la I 
Graclls, in the iJitereating letter from which I have just 
quoted, adds the following remarks upon some of the many 
ao-eaJled species, which he shows are only modifications 
due to the environment. Thus of Pyretlirum stdphureum 
and Dianthug brachyanthug he writes : — " The polymorphism 
which these plants acquire at different elevations has given 
rise to the formation of distinct species, i.e., admitted 
03 such by botanists of note. Studying the original divi- 
sion of P. pulverulentum of Lagasca and of P. eulphureum 
of Boissier and Renter, Willkon has united them into one 
single species, which he has called in his Prodromus Flora 
Hispaniea, P. Hispanicwn. In this he recognises two well- 
defined groups, the ' piunatifid ' and ' iaciniate ' types, placing 
in the first gi'oup P. prdvemlentum of Lagaaca and the P. 
radieans of Cavanilles ; and in the second, P, eulp/iureum, 
Eoiss. et Kent., which Asio hod named Chrysanthemum 
Aragonense, and C. Bocconi or P. Bocconi, WaL, P. versicolor, 
Willkon ; which turns out to be the P. sulphureum, var, P. 
alpinum, Boiss. et Kent. 

"The same thing has happened with Dianthua hi-acliyanthus, 
Eoiss, et Kent., which Xatar and Maill took to be D. allenuatus, 
Benth., in the Pyrenees, and Koch for D. virginem ; such 
mistakes being due to the modifications produced by varying 
elevations. In some easea the very same oi^ans become 
atrophied or disappear, while in others they become much 
more developed than usual." 

EXPBRIMBNTAL EVIDENOB OF THE EPFBOT OF THB EXTERNAL 

CoNDiTioBS OF HiGH Altitudkb cpon PijufTB, — We are in- 
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debted to MM. Bonnier and Flahault ' and others for in- 
tereating papers on the effects upon plants grown at liigh 
altitudea and latitudes when compared with those upon the 
same species, or even upon half of one and the same iden- 
tical plonti when grown at Paris or lower altitudes and 
latitudes. 

As an example, TeKCi'ium Seorodonia, aown at a high situa- 
tion above the Col d'Aspin in the Pyrenees, produced aerial 
stems which were very short, with leaves relatively darker 
green, with more abundant hairs, and an inQorescence more 
compact and bearing at the base very short internodes. 

On the contrary, seeds gathered from individuals of the 
same species growing at higher altitudes than it can reach 
in the Pyrenees (1700 m.), and sown at Paris, produced at the 
end of three years elongated stems, less abundant hairs and 
brighter green leaves, the internodes being more elongated 
and more numerous. 

These latter plants of Teucrium were nearly comparable in 
general aspect to those from like sowings made in the same 
soil from seeds obtained in the neighbourhood of Paris. 

As another case, M. Bonnier found that Lotus comicnlatua 
and L, nlif/inogus change very materially. He obtained dif- 
ferent individuals of L. comieulatus which differed from each 
other more than these two species. Describing the anatomy, 
he observes that in cutting the pedicel below the ripe fiuit, 
one sees that the arrangement of the cortex, the structure of 
the pericycle and of the cords, as well as the thickening of the 
epidermis, vary considerably. Thus plants oiLotus comieulatus 
from Alpine situations show an epidermis which is very thick, 

' Nmivttlci Obien-ationi lur Itt Modifitatiom dee V^ilaux tuivant let 
CA>nditiiml Phyiiqnet du Milieu, par M. C. L. Flahnult. Ana, dct Set. 
!Tat. Sot., 1879, p. 159 i Mull. <U la Soe. Bot. de />., 1S86, p. 467 ; Sev. 
Oin. de Bot., ii. 1S91, p. ^[3. 
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a collenchymfttoua cortex, a pericycle without large and special 
cells, aad tbe wood relatively reduced ; while in certain plants 
of L. omictUaius and L. uUginosus, cultivated in lower alti- 
tudes, the epidermis is not so thick, the cortex ia without 
coUenchyma, the pericycle has here and there special cells, and 
the wood ia relatively more developed. 

Another observer, Herr K, Leiat,' compares the foliage of 
Alpine plants with similar ones in low lands, and gives the 
following as the results of his observations, (i) There is a 
diminished thickness but an increased extent of surface to tiie 
leaf. The former is due to a decreased development of the 
palisade tissue, fay either a reduction in the number of layers, 
or by a decrease in the vertical diameters of the cells, corre- 
sponding to an increase in their width, the numbers of layers 
being the same. The number and size of the intercellular 
spaces are increased, the spongy parenchyma being often less 
close, and the cuticle is thickened. 

It will be observed that variations in the amount of chloro- 
phjUous tissue appear to occur, if Herr Leist'a account be 
compared with that of M. Bonnier. The latter, however, 
discovered that there would seem to be an "optimum of 
altitude," and that the green colour increases up to a certain 
limit and then decreases. 

This agrees with Mr. Sorhy's discovery that there is also 
an optimum degree of tight for " greening." In speaking of 
the " waste and supply of colouring matters in plants," he 
writes;^ — "It appears to me that their development is some 



• Z\tr AnaU finiger KeimblatUr, 8vo, Breslaii, tSSg. Ste Bnl. 
Ctntralt/., xlii, (1S90), p. 163. The above paragraph ia compoaed from a 
QOlice in tbe Joum. Royal Micr, Sac., 1S90, p. 626. I have nut Been the 
original. 

' On Comparative Vegetable Ghromntology. PrtK. Roy. Soe,, No. 146, 
vol xii. 1873, p. 468. 
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direct functioa of light, until a cortain quantity of eauh has been 
formod and a sort of equilibrium eatablishetl, varying in it« 
character according to the particular plant; but that at the same 
time the amount of each decomposed contiiiaes to increase directly 
as the intensity of the light ; bo that the equilibrium between 
the different Bubetances is not the same for light of different 
intenaities, but, after having reached a maximum, the quantity 
of each more or leas decreases with increased light." He then 
performed an experiment with the leaves of Atieuba Japonica, 
which is particularly sensitive to light, the leaves on the surface 
of a bush being always much more spotted with yellow than 
those shaded ; so that by covering half one of the former, in 
three weeks' stime the two colours were sharply defined. The 
result in the amounts of colouring matter was as follows. 
Regarding the normal state aa loo, the green of the protected 
half had " Chlorophylls " increased to 1 50, and " Xanthophylls " 
reduced to 75. Similarly for leaves of the common Holly, 
those naturally shaded compared with those naturally exposed 
were as follows: — ChlorophyUs, 100:62; Orange Xanthophyl], 
100 to 86. Mixed Xanthophylls, Ac, 100 to 94. So, too, he 
found that too great exposure reduced the chlorophyUian sub- 
stances in lichens and seaweeds : so that it is presumably a 
general fact. As a secondary result from the increase of 
chlorophyJIoUB tissue is the greater quantity of nutritive and 
other materials elaborated in the plant. Thus M. Bonnier's ' 
experiments explain the presence of a relatively larger amount 
of sugar, starches, essential oils, colouring matters, alkaloids, 
Ac, which is found in plants {living ordinarily at a lower 
elevation) when they are grown in a higher Alpine situation ; 
since iJl these products of metabolism are either directly or 

' C^vrti EtpiTimentaladan>lesBav.teiAU,itvdet. Comptei Rendm, ox. 
1S90, p. 363 ; Bud Ii^'Of.itBe da Haata AU^dtt tur let Foneliom dei 
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indiiectly dependent upon the chlorophylloi 
eSected by plants in an Alpino climate. 

The exhalation of powerful odours occurs also at high 
altitudes, and may perhai« perforin the same use of arresting 
the heat aa Dr. G. Voliens suggested as being the case in 
the deserts. Thus Sir J. D. Hooker writes : — " Delphinium 
glaciate was also abundant, exhaling a rank smell of musk. 
It indicates a very great elevation in Sikkim, and on my 
ascent far above it, therefore, I was not surprised to find water 
boiled at r8z° 6' (air 43°), which gives an altitude of 16,754 
feet."» 

As another instance of a plant yielding a very unexpected 
odour, Dr. Aitchison collected a labiate, Tefucriam serraiiim, in 
the country traversed by the Afghan Boundary Commission, 
which was strongly scented with an odour exactly resembling 
aaaf<6tida.* 

Ddhation. — MM, Bonnier and Flahaulfc^ have shown how 
annuals yield to perennials in point of number both in altitude 
and latitude. Tliey give in their tables the proportion of 
annual species as 60 p.c. between zoo and 300 m, above the 
sea; between 600 and 1800 m. it sinks to 33 p.c ; wliile on 
altitudes above 1800 m, it is only 6 p.c. In the uppermost 
parts of the Alpine regions there are no animals. Similarly 
Mr. Malmgren has pointed out that the plants of Spitzbergen 
are all perennial and have a tendency to grow in tufts.* 

It is clear that the conditions unfavourable to the growth of 
annuals are low isothermic lines and short summers. Moreover, 



jt. and Proe. Sol. Soe. Edin^ 



• Op. cU., p. 3SS [tupm, p. 92). 
' A Summury of Bot. Features, &< 

18S9, p. 421 (see ntsD lupra, p. S4]. 

' ^nn, del ScL Nat. But., 1878, p. 93, ftnJ 1879, p. 159 ; Buil, de la 
ScM. Bol. de Ft., 1878, p. 300, and 1880, p. 103. 

* Joaitud of Botany, America. 
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Iqpecies which are onliDn.i'ily annuals at low levels, if growing 
at high elevations are found to have became peieunials. Thus 
M, njonnier met with Arenaria serpi/Uifolia as a perenniftl 
from looo to 2300 m. on the Pyrenees. He says it there 
forma rhizomes some of which were three yeara old. Poa 
annua has subterranean ramitieations of a rhizome. Ltnaria 
aJpina is biennial above 500 m., being annual up to that 
height. In the more elevated regions of the Alps, where it 
reaches the extreme limits of vegetation, it is always perennial, 
and has adventitious buds which are borne upon the roots of 
throe to five years old ; and even eight layers of wood are some- 
times observable. Senecio viscosue is perennial lx)th in the tap- 
root and base of the stem ; so also is Sanuneuliis Philtmotia. 

The above facts show that the prolonged duration of life of 
hig]i Alpine plants is simply due to the direct action of the 
environment upon the plants themselves. 

The development of bulbs and tubers, &c., is frequently 
correlated with climatic conditions which demand a perennial 
habit ill plants if they have to survive trying periods of 
drought. Thus Mr. Scott Elliott ^ speaks of certain plants of 
the Karoo of Soiith Africa : — Many are "bulbous or tuberous 
plants, and many orders have developed bulbs which usually 
show no trace of them; e.g., the whole section Hoarea of 
Pelargonium is bulbous," He adds the additional important 
words ; " One must remember that the physiognomy of a 
plant depends on the cUmate during the fiowering and assimi- 
lating season only, not on that of tho whole year. It is this 
fact which prevents one from noticing, as often as one might 
otherwise do, the direct influence of the climate." 

Plants op High LATiTtroBa. — There is a close parallel be- 
tween plants of high latitudes and those of high altitudes. 
Trans. Bol. 
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This is particularly noticeable in the following particulars : 
dwarf habit, often cteapitose;* a perennial character, green^^^ 
foliage, more brilliant flowers and fruits than at lower latitudes,.! 
There is also a greater production of aubatancea resulting froHlB 
metabolism, as hoDey, sugar, ethoteal oils, & 

With regard to the climatic environment, high latitudes 
are deficient in heat, but this is compensated for by a more 
prolonged sunlight during the period of growth and develop- 
ment ; so that the increase in the quantity of chlotophylloua 
tissue ia due to prolonged sunlight, but which ia feeble in 
intensity.* 

Now, although the above characteriatica, as those on hi^ 
altitudes, have been long known, and ore readily observable 
in travelling, say, from the latitude of Paris northwards along 
the Scandinavian regions to high latitudes, the fact that they 
are all the outcome of the direct action of the environment 
has been proved by experimental cultivations, just as almost 
exactly similar phenomena of high altitudes have been proved 
to be due to similar causes. Thus, e.g., Dr. Schfibeler^ sowed 
seeds of different plants in different latitudes in Norway, and 
proved that the briUiancy of the flowers increased with the 

' As examplea of a tufted ur caespitose babit of growth the fnllowing 
plants in the AntaTctto r«gians ma; be mentioned : — Ponleria etavigera 
(St^lideie), Lord Auckland's Island ; Dnipetea mutcoja (Thytniilaceie), 
Hennite Island; Oreobol\iipectinaiut{CypBreiaeiB), CauipbeH'a lelond, fto. ; 
BUax gUbaria (UmbellifBrie), Falkland Islands ; Asordia Sdago and 
Lyallia KergaeUaa (Purtulacaces), Kerguelea's Island ; Naeiraivia lerptn* 
(Couiposits), Falkland Islands. 

Hauj very different- orders are here represented ; a similar /a«f«i, how- 

' Obtematimit lur lea Modi^fieationi dea Vigitaux fahrant lei Canditvmt 
Pkynguei dv Miliett, par G. Bonnier et Cb. Flahautt. ^inn. da Sci. 
JVot Bot., 6 S«!r. vii. 1878, p. 93 ; also 6 S6t. ix. 1879, p. 159, See also 
Do Condolle's Oiog. Bat, t. pp. 311-312. 

' Dk Fjlamettjodt Norvcgem (Khcietiana, 1S75), 
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ditude. So great were the difTerencBs that it was difficult 

3 that they were produced from the same bntcli of 

The differeucea appeared in the first year. Similarly 

^eds from Germany exhibited analogous differences. Dr. 

pBchflbeler also made analyses of leaves of plants of the same 

33 grown in different t>arta of Norway, and found that 

s from the northern districts were richer in chlorophyll 

I than those grown near Christiania. 

The physical environment of high latitudes being compar- 
able, but not quite identical, with those of high altitudes, 
certain differences occur in the plant life. Thus, MM. Bonnier 
and Fkhault observe that in rising from the base to the 
summit of the Alps, one meets successively with the sub- 
Alpine zone of pines, then the Alpine flora separated from 
le former by a well-marlced houitdari/. On passing northwards 
i altitude iu Scandinavia, one sees the two fiorta 
Utermhxd more and more as one reaches the highest latitudes. 
ut is by a very long suite of insensible transitions that one 
Bpasses from a flora almost uniquely sub-Alpine to a flora 
I exclusively Alpine. 

Dr. Schlibeler found tliat the enhanced greenness of the 

lioliage and the brilliancy of flowers are not strictly proportional 

o latitude, but are accentuated in the higher latitudes. MM. 

Bonnier and Flahault observe also, just as M. Ad. Pellat 

noticed, that the same species of plants became more tomentose 

in proportion as they ascended the French mountains, as, 

t e,g.. Ranunculus biilhonw, Oxytropis campedris, Cracea miy'or, 

; so analogous remarks can he made upon the variations 

a the degree of hairiness with latitude,^ The same frequency 

: perennials in Alpine regions is exactly paralleled in high 

_ je nuthura give an accuuat of very iatereBtlng Inveatigationa iiitu 

■the amouDt of light and heat received in Iiigh latitudes, aa aUu dues M. 
% J, A. Broch, Le Ji,i-iaumi: ih Norvh/e el le Peui<lt narvigien. 
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latitudes ; and juet as ancuala of low elevatious become peren- 
nials on mountains, so do they in Arctic regions, Heuce 
relative number of perennials increases with both altitude and 
latitude. Thus of annuals there are 45 p.c. at Paris (kt. 49°) ; 
30 p.c. at Christiania (lot. 59° 5') ; 26 p.c, at Listad (lat 61* i') j 
while in Spitzbergen there are none.^ 

The signifieanee of tliese statements lies in the fact men- 
tioned above, that plants which are annuals elsewhere actuaUy 
become themselves perennials when grown in these colder 
regions; and are, therefore, made to acquire the forma and. 
habits best fitted to survive. 

A feature often observed both on high aliitudea and lati- 
tudes is the extreme rapidity with wliich the annual couise 
of vegetation is run through during the very short summer. 
Thus, e.g., the flowers of Pamassia, Gnaphalium dioieum, 
Oentiana germanica, Solidago, Dianthtu auperhug, &c., come 
out a month sooner in the high mountains than they do 
lower down, otherwise they could not ripen their seeda. 
Similarly, in the extreme north, the wUlows fiower directly 
the sun's rays fall on them, weeks before the ground is fully 
thawed. How is this brought about! The answer is the' 
same for all other adaptations. The very conditions attending 
a prolonged winter are the actual causes of the subsequentt 
and necessary rapidity. 

Many observers (Knight, Kraaan, Frank, &&) have fouuii! 
that perennial plants exposed to low temperatures during thtti 
winter test put forth shoots more rapidly and earlier in the, 
spring than the same plants kept warmer in the winter. It 
would seem that these results may depend upon at least two 
prominent factors, the effect of frost on the reserve food' 
materials and the accumulation of water. As illustratingj 

I According to Mr, Malmgren {Journ. nf But., Auierica). 
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the former, MUller-TLuTgau took ten potatoes, all alike, and 
of about the same size and weight : he placed five in on ice- 
cellar, jind surrounded them with ice ; the other five were 
kept in an ordinary house-cellar. Those exposed to the 
freejiiiig process yielded a large crop in three months after 
planting ; while the others, planted at the same time, and in 
exactly the same way, soil, &c., had as yet only begim. to 
show shoots, and hore no tubers. In this case the exposure 
to cold increased the amount of sugar in the tubers, i.e., of 
food directly available in growth, &c. ; but whether the cold 
has any effect in hastening the formation of ferments, or in 
converting the proteids into easily assimilable substances, ia 
not known, ^ 

As an illustration of rapid growth consequent on the accumu- 
lation of water, M. W. Jannicke attributes a peculiar rapidity 
of growth in a Weigela to its growing in a shady and moist 
situation. In consequence of this, the plant was retarded 
until May by the persistent cold of the mnter, but it sub- 
sequently effected its growth with extreme rapidity. Other 
plants of Weigela situated in dry and well-illuminated places 
presented no such anomaly.^ 

These cases would seem to supply us with the interpretation 
required. During the prolonged period of cold on the Alps 
and Arctic regions, there has been a slow accumulation of 
water within the tissues, so that the moment the temperature 
rises to a^ sufficient height, the plant ia, so to say, fully pre- 
pared to carry on the vegetative and reproductive functions 
at once. Whether the frost will affect tlie starch in seeds 

' From a notice of Herr L. Kiiy'a 
NiOwfoTieh. Pretmdt 2U Berlin, Nov. i 
Feb. 35, iSSS, p. 24D. 

' BiUlungialnneiehitngai an Welgdien, BerickU der dealKhen bolan, 
^Ott^'ehaft, Bd, \x. Heft viii. p. z66. 
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was not conclusively dotermined by Hetr Kay, but he camft'J 
to thq conclusion that the action of frost on seeds 1 
different Bjieeies subjected to the samo treatment, and varies 
with the treatment otherwise, e.g., whether the seeds lire 
swollen or not before the frost acts. 

However, the conclusion is, I think, at least justifiable 
hypothetically that the rapidity of the summer growth ia the 
direct consequence of the prolonged rest and severe froat to 
which Alpine and Arctic plants are subjected.^ 

M. G. Bomiier has lately published a paper entitled l-ea 
Plcmiee Ardifiees eomparSea aux m^nea £lep^eg rfes Alpea et 
des Fyrmk4,^ in which he shows that although, speaking 
generally, the Alpine floras are comparable with the Arctic, the 
same species being often found in both regions, yet there are 
certain differences which are attributable to a diversity of 

' Sir J, D. Hooker, in writing about tbe periods when vegetation iit 
active at ilifferuut elevatioiis on tbe Himalaya, says : — " Tbe dintribution 
of the aeaauna at differeot elevations in tbe Himalaya giiee riae to soma 
uuoiDHlies tliat have puzzled naturalists." From October to May ve^ta- 
tion is torpid above 14,000 feet. It is torpid above 10,000 feet from 
November to April, and from 6000 feet during the three montha 
December, January, and February. 

Spring begins in March, with a sudden accessinu ot hea6, above 7000 
feet, " From May till August the vegetation ut each elevation Is (iu 
aecendiag order) a month behind that below it, 4000 feet being about 
equal to a month oF summer weather, iu one senee. I mean by this, that 
the genera and natural orders (and aometimes the speoiea) which flowei 
at 8000 feet iu May ant not so forward at iz,ooo feet till J 
16,000 Feet till Augutit. After August, however, the reverse hulde good 
Uien the vegetation is as forward at 16,000 feet as at Booo feet. By the 
end of September most uf the natural orders and genera have ripened 
their fruit In the upper zone, thongh they have ftowered as late aa July 
whereas October is the fruiting month at 12,000, and Novembi-r belou 
10,000" {IJim. Jourit., p. 419, note). It ia poaaible that what 
above may explain this peculiarity in the hastening of the matur: 
plants at grc-aC elevations. 

= Rev. Oin. de Bot., vi. p. 505. 
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Enal Qondittona, in the high altitudes and high lotitudos 
ctively. Thus, although the total amount of servioeahle 
lignt may he approximately the Bame, yet it ia dietrihnted 
very differently. Secondly, the higher one ascends above the 
limits of trees in mountains, the drier does the air hecome ; 
but the moistnie is still great in high latitudes, under certain 
circumatancea, especially where warm and cold ocean currents 

M. Bonnier has shown by a careful microscopical examina- 
tion of the leaves and other organs of plants from both regions 
that their anatomy corresponds precisely with the effects of 
comparative degrees of drought and moisture respectively ; 
so that plants brought from the island Jan Mayen and Spitz- 
bergen exhibit atructui'es which might be called "incipiently 
aquatic," while those exposed to great aridity are "incipiently 
xerophilous." 

Moreover, M. Bonnier finds that individual Alpine plants 
which happen to gww in moist places assume more or leas the 
same features as those which characterise the Arctic members 
of the same species ; and as Spitzbergen is relatively drier than 
Jan Mayen, precisely simOar degrees of difference are found 
in the same species growing in these two places respectively. 

The special characteristics may be summed up as follows 
for the Arctic individuals : — A thin cuticle, a lax and ill-defined 
palisadic tissue, with layers of more rounded cells. Such mate 
the leaf thicker in a transverse section, the endoderm being 
a little more developed. The stems are thicker, with fejrer 
flbro-vascular bundles than in the thinner and more woody 
st«m of high Alpine plants. The cells of the pith and 
medullary rays are rounder, forming a lax tissue. From six 
to eight vessels occur in a fibro-vaacular bundle of the Arctic 
plant, but from ten to twelve in that of the Alpine. In 
^^^ the roots, hath in the Arctic and in the Alpine when growing 
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in mitrahy spots, there are kcuiite with partitions of rounded 
cells, very stmilflr to those in the roots of true aquatic 
plants. 

M. Bonnier, summing up hia observations, observes that 
these structural dtfTetencea correspond with tlie climate ; and 
this has been verified by experiment, for M. Lothelier haa 
proved that in a moist atmosphere the structure of the stem 
and leaf at once modify themselves precisely in the same 
manner as is described by the author, in nature. 

General Conclusions. — The conclusions arrived at from 
an investigation into the peculiar characteristics of plants 
growing in high Alpine and Arctic regions are parallel with 
those already deduced for sub-tropical deserts, namely, 
that they are the direct outcome of tho action of the climate 
upon the responsiveness of the plants themselves. First, there 
are the numerous instances of plants of no affinity whatever 
all assuming the same features of nanism. Certain groups 
of shrubs and trees have leaves more and more arrested as 
the altitude increases ; conversely some herbaceous plants have 
larger and greener foliage than when the same species are grow- 
ing at lower altitudes and latitudes. There is not infrequently 
a muscoidal type, or a hirsute, villous, or tomentose condition ; 
though many may remain glabrous. Secondly, experimental 
evidence has shown how many plants of the lowlands can at 
once acquire one or more of tliese features when made to grow 
at high altitudes and latitudes, and vice versa. 

Hence, as far as tho vegetative oi^ans are concerned, wo 
arrive at the conclusion that the above-mentioned varietal 
sub-specific, or even it may be specific characters, are simply 
the result of the direct aetion of the environment upon the 
plants themselves, which by perpetuation become relatively 
fixed and hereditary, and all without any aid from natural 
selection whatever. 



CHAPTER VI 

fOHIGIN OF THE STRUCraKAL PECULIARITIES OF MARITIME 
AND SALINE PLANTS 

I General Fbaturbs. — The peculiarities of maritime plants con- 
ime cases of a considerable degree of succulency, as of 
the familiar Samphire ; in others, of an extra amount of hair 
as compared with inland forms of the same genus or species, 
as Geranium Iticidum, yar. Eaii. Again, certain species have 
& spiny character, as, e.g., Eryngiuni maritimum, Ononis spinosa, 
var. Jwrrida, Lastly, a glaucous hue is not uncommon, as of 
Crambe mariiima, OJaucium Itdetim, &c. 

It will be observed in these respects that there are certain 
pecnliaritiea common with desert plants as well as with somo 
Alpine and sub-Alpine species. Sir J. D, Hooker • noticed a 
certain general correspondence between the climate of some 
countries at the sea-level and that of the Himalaya, both in the 
absence of animal life and in lacking certain natnral orders of 
plants. He thus compares Kew Zealand, Fuegin, and Tsismania 
with Scotland and Norway. He attributes the absence of life 
to the moist and cold atmosphere. 

Perhaps it is this cause which may account for several of 
our maritime plants being also found on our mountains as well, 
or certain varieties of them. For, of course, the British moun- 
B not characterised by that intense aridity which pre- 

' Oil, ciL, p. 3S3 («upn», p. 92). 
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vails at much higlier elevations in the European Alps and on J 
other lofty ranges of mountains. The following plants i 
illustrate this coincidence : DraJta incaita, Cocldmria offieim 
Bubep. aljiijia, Silene mariiima, Sagina apetala, snbsp. marititm 
var. alpina. Species of Sedwm, Plantago mariiima, identieal-* 
with. P. dlpina (Hoffman), Hieracium species, &c. 

The resemblances which may be Been in plants from such 
widely different localities as our sea^shores, Alpine regions, 
and desert countries are readily explicable if the general inter- 
pretation offered in this book bo accepted, viz., that certain 
element* of the environment are in excess ; these act upon the 
plants in question, and the latter respond accordingly, so that 
much the same results occur. Thus, if hairiness be due to a 
check in the development of cellular tisane, it may arise from 
too much heat, as in the deserts of Africa, or from too great 
a degree of cold, as in Alpine and Arctic regions ; both con- 
ditions causing great aridity. Succulency in the deserts, 
especially where the soil is saline, arises from identically the 
same cause as in plants on our own sea-shores. 

Since the moisture of the air and soil is more charged with 
saline matters in maritime regions and salt marshes, it was 
a reasonable inference that the presence of salts was in 
some d^ee responsible for the remarkable fleshiness of such 
plants as Orithmum. maritimwn, Saltcornia herbaeea, and many 
others. 

Experiments have justified these deductions, as well as the 
interpretation of the presence of a greater degree of hairiness 
in certain maritime plants. 

As examples, the fallowing British species and varieties of 
maritime plants may be mentioned, as exhibiting one or other 
of the above characteristics. Thus as fleshy and sub-fleshy 
types we have Cochlearia, Cramhe, Glaueium, Brasdca oleracea. 
Geranium Robertianum, yai. pur^reum, Lotus comicvlatus, ^ 
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crassi/olius, Crilkmum maritimum, Matriearia inodara, var. 
salina, (passing into) M. maritima, Solanum Dulcamara, var, 
marinnm. A densely toniBiitose variety of this plant grows 
on tliB beach at Wahnar, Pdlygonwm, aviculare, var, littorale, 
(passing into) P. maritimum. 

Others might be added, but these will be sufficient to 
illuatratfl the characteristics of maritime plants which have 
been brought about by the direct action of their environment. 
This is proved by the fact that they often lose them when 
grown under different conditions. Thus, as has been already 
stated, the leaves of Samphire became flat and thin when the 
plant was grown in a garden ; Salsola Kali passed gradually 
into iS. JVagus as it spread up the sides of a river, and Otwtiis 
^inosa loses its spines in a rich soil and an abundance of 
moisture. 

As an example of variability in glaueoscence, Mr. Baker 
observes of the Bromeliaceous plants cultivated in the Eiviera : 
— "As might be expected, there is a general tendency in 
the leaves to be more glaucous than at liome," ^ 

Lastly, Linnaeus recorded about one hundred and fifty years 
ago how hairiness may disappear ; — " Minui pubescentiam 
Jacohiete vidgo dic(*B fiiaritima Bjepius vidimus, id quod etiam 
aliis eminontibus partibus accidit." * 

In corroboration of this statement M. Battandier observes ^ 
how Buphthalmium maritimum, which is velvety on certain 
maritime cliffs, becomes quite glabrous when protected from 
the sea. He recognises two chief maritime types ; one, a 
succulent and glabrous j a second, velvety and more or less 
succulent as weU, He considers that these conditions enable 



» KeK Bfdl. o/Mim. Inf., January 1892, p. . 
* PkUoa. Bot, § Z7Z. 
»'* Qittlq'Mi Molt sur Ui Caiiici de la LoealUatio 
I. de la Soe. Bot. de I't., 1806, p. 189. 
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planta to resist the deleterious action of the sea. Hence he 
noticed how certain inland plants, elsewhere thick or velvety, 
as Ooli/ledon umbilicus and Artemisia arhorescens, do not suffer 
by the sea. He also thinks that " it is probable that it is 
under the irritating influence of the water of the sea that 
these modifications have been produced." As other examples 
I have noticed that primroses and some plants of Laurualinut, 
&c., are almost woolly at Cannes, though they are far from 
being so in England. 

Anatomy of Shcoui-knt Tisbuks. — "With regard to the 
anatomy of the succulent tissues of maritime planta, Herr 
Brick ^ finds that there is a strongly developed cortical 
parenchyma, with an invariable presence of a vascular bundle- 
sheath, with a rarity of starch in the chlorophyll grains. M. 
Leeage has lately shown that salts cause a, decrease in the 
formation of starch, Herr Brick recognises three types; (i) 
a cortical parenchyma composed of round cells with triangular 
intercellular spaces, the chlorophyll being either distributed 
through the parenchyma or limited to a special outer zone of 
the cortex {Honckenya pejiloides and Caicile maritima); (2) 
cortical parenchyma consisting of round cells with large and 
nearly regular air-pass^es {Aster 7'ripoUum, Glaiix maritima) ; 
(3) cortical parenchyma, that of an ordinary leaf, the chloro- 
phyll being in palisade cells {SaUola Kali, Salicomia 
fierbarea). 

M. Lesage,^ in comparing the anatomy of species of 
plants growing by the sea and inland, finds that in more 
than half the cells of the epidermis show no appreciable 
difference. 

> Sckrift-lfalKrf. OttrU. Danzig, vii. 1SS8, loS. See »lio Natnr- 
foricher, -ixi. 1888, p. 214. 

^ Reehercha Expirimenlala lui- ^i Modijicationi da PaiiU,et eha U* 
Plantes Marilimes. Hev. Gin. do Bot., torn, ii, p. 54, PI. 7, 8, 9. 
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In four species there were more decided differences, as 
ahown by the following ratios, (r) in the size of the epidermal 
cells, and (a) in the thickness of the lenves. V.M. represents 
the maritime variety, and V,T. the inland terrestrial on& 



^^■Set 

^VBil< 
^V Ast 



,kile innritima 

JBeta vulgaris . 

1 maritima 

Tripolium 



Til Silene martiima and Cdlnla maritima, there was an 
inereaae in the proportion of about two to one in thickneea 
of the epidermal wall in the maritime plants. In others 
it was less than twice as thick, Emd more generally there 
was no difference. 

With regard to the palisade tissue, tlie general thicknes 
may result from a development in volume of all the cells, 
or by a formation of a greater number of layers. These 
variations can affect all or a part of the mesophyll, as well 
as, but especially, the palisade. Thus of fifty-four species 
which showed a thickness in the leaf of the maritime variety, 
eleven exhibited an eijual development of all the elements ; 
seven species showed an extra development of the palisade 
cells in volume and length, without increasing tbe number of 
layers ; while five species showed an increase in the number 
of palisadic layers. Lastly, tbirty-one species presented an 
increase of volume and of length of the palisade cells, at the 
same time that the palisadic layers increased in number. 

With regard to interceDular spaces, M, Lesage observes 
that if the palisadic tissue is more developed, the mesophyll 
will have its lacunie reduced in size, since the palisade cells 
such a way as not to suppress completely the 
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in tercel hilar spaces, but to reduce them considerably. Generally 
Bpoakisg, the maritime leaf is less laciinoua than the inlimd 
type. 

The median riba of the thicker leaves of maritime plants 
are also rather larger than those of inland plants, but not 
in the same proportion as the thickness of the leaf itself. 
Thus in Crithmiim maritimum the proportion is 225 to 125 
for the thickness of the leaf; that of the mid-ribs is 65-60 
to 35-30. In Silene inaritima, however, while the thickness 
of the leaves is as 168 to 60, that of the fibro-vascular cords 
is as 23-30 to 16-16. 

There is no appreciable difference in the size of tlie vessels 



With regard to chlorophyll, in some cases M. Lesage was 
unable to see if there was any difference; in others it was 
very marked. Thus Thesiur/i humifusum and Calcile marilima 
showed a great difference in this respect, the grains being 
much smaller in the maritime plants. In some species the 
grains of chlorophyll, though of an equal diameter, are less 
abundant in the corresponding layers of mesophyll, as is the 
case with Alrtplex portulaeoides. 

In other cases, the grains, more or less unequal ill size, are 
less numerous in cells of the same layer, as one can see in 
the leaves of TrifoUum arvense. 

Tlie four conclusions to which M, Lesage arrives are as 
follows ; — 

1. Maritime plants have mostly thicker leaves, but all plants 
do not follow this rule in a pronounced manner. 

2. The thickness of the leaf is accompanied by a great 
development of palisadic tissue. 

3. The lacunjB and intercellular spaces tend to bo reduced 
in the leaves of maritime plants. 

4. Chlorophyll is generally leas abundant in matitime plants, 
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either by a reduction in volume or by a reduction of the 
number of grains. 

Experimental Evtdenoe. — M, Lesage ' carried out a large 
aeries of experiments witli a great variety of plants, in order 
to see if watering them with salt dissolved in the water would 
produce results similar to the normally fleshy structure so 
characteristic of many maritime plants. Such proved to be 
the case. Thus with Piitum sativum he found that the 
thickness of the leaf became greater, and the palisade tissue 
increased in thickness, while intercellular spaces and the 
chlorophyll diminished. Lepidium iaiiman gave more marked 
results. The mesophyll presented six layers in the fonr 
cases forming the subjects of his experiments. The palisade 
tissue was more developed in a radial direction and possessed 
an extra layer. The lacunae were less pronounced, and the 
chlorophyll was less abundant. The epidermis and the vas- 
cular cords do not follow the same variations in thickness. 
On the average, if the leaf is much thicker, then the epidermis 
and the nerves are only u trifle thicker than ordinarily. 

M. Lesage^ sums up his results, showing that his experi- 
ments completely verify the deduction that the succulency of 
maritime, and we may add saline, plants is the direct result 
of the presence of salts in the water imbibed by them. M. 
Lesage does not say how he thinks the tui^dity is actually 
brought about; but Herr C. Brick suggests that it may be 
due to the formation of salts of an organic acid with the 
soda with which they are so abundantly supplied. 

I give the above histological peculiarities somewhat in 
detail, in order to show how a maritime environment acts on 
the minutest elements of the tissues of plants, until they 

*■ Op. eit., p. no (supra, p. 128). 

I Op. eU., p. 172-173. M. Lesage baa sIbo elsewhere oontribnted pnperf 
bttiu iubjeot, eg., tu Comptti Rendvi, cli. 18S9, p. 204, and cxii. p. 892, 
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become more or leaa fixed and characteristic, at leaeli a: 
they continue to grow under the same conditions. They thus 
furnish moTphological choractere which. botaniBte regard as 
classificatory, 

M, Costantin arrived at similar conclusions, for lie says ; — 
" The development of plants growing in snline districts exhibits 
different degrees of thickness of the foliage, of the stems, and 
of the fruits, a change in the green tint of the plant, and in 
some cases an abundant production of hairs upon the whole 
plant."' 

M. Costantin ' also refers to Arlemisia eampeiiris as a 
plant, the maritime form of which, viz., var. inarilima, has 
leaves which are very tSiick. He also mentions that Hieraeium 
eriophorutn, when cultivated in the Botanic Garden at Bor- 
deaux, lost the hair which it possesses when growing in mari- 
time sands. 

In corroboration of the facte given above, I will here add 
a communication received from M. J. Lloyd of Nantes, who 
thus writes: — "I will repeat what I said in three editions 
of Flore de t'Ouest about our inland plants growing near the 
sea. ' Tromp4 par oe changement de port, le botaniste de 
I'interieur est gSndralement tentt5 de voir dans ces v4g^tauK 
rabougris et velus, h feuillea ohamues et quelquefoia salves, des 
espfeces on des vari^t^s nouvelles. PIusieuK de ces formes ont 
&b& distingu^es sous le nom de var. 7narHima, naTUi, unifiora, 
eamosa, suceidenta, salina; mais toutes les plant«B de I'in- 
terieur pourraient avec autant de droit avoir leur vari^t^ 
"maritime," car toutes se modifient en approchant de la 

Mr. Lloyd also supplies me with the following examples : — 

' La Flore riu LillirraL Joum. de Bol., 1887, Nu 3, p. 45. 
' fUcherehet aur ta Slructnre de ta Tige dti Plantet Aqutttiqutt. Ann, 
da Soi. Nat., 6 Siir. lii. iSS^, p. 187, note. 
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^gJjinosi/rU at Belle Isle is dwarf, two inches high, but by 
HBltare it grows taller every year. Ooeklearia offieiniiHe on 
locka and pebbles has thick leaves, leas so on muddy banks 
of rivers, Hieracium eriophorum far from the sea is no longer 
deneissime lanatttm. Helianlkemum guMatum, var. maritimum, 
gradually returns to the inland form in receding from the 
seashore. Hieracium umhellaitim is dwarf and thick on soa- 
rocks, Pteris aquilina on damp rocks is so dilferent from 
the common form, that no one at iirat would think it belongs 
to the same species." 

M. Gadeceau, who is familiar with the flora of Western 
France, also writes me as follows : — ■" The position of Nantes, 
in which I live, enables me to verify the fact of the influence 
which the neighbourhood of the sea exercises on inland plants. 
In fact, they all undergo more or lees modification as they 
approach the coast, and nearly all oar species ought to have 
a var. maritima. 

" On the very confines of our coasts Ulex europwus forms 
stunted hushes; on the long points which stretch far into 
the sea, these bushes are scarcely some decimetres high. 
Similarly, a great number of plants from inland have become 
dwarf or creeping (procumbent), e-g., the following list, which 
has been verified by myself •.—Silene Otites, var, umhellata, U, 
Geranium columbinum ; Altli^a hirmla ; Linum angudifoUum 
Medieago striata ; Ononis repene, var. B, (LI., Fl. d'Oueet) 
Omilhopm perpusillus ; Sarotftamnue acopariua ; TrifoKum 
antfostifolium, T. striatum (reverts to the type on being sown) ; 
Afperula cyvanchica; Artemisia campestris, var. maritima, 
LI. ; Gfiapltalium luteo-albufii ; Hieracium umhellatum/ lAna- 
siji-is vulgaris; Senedo vulgaris (few-flowered and rayed on 
maritime sands); Callutta vtdgaris; Srytknea Ctmtaurium, 
var. eapitata, LI, (non E. rap., Towns,); Trixago Apula; 
tnantim'.i ; Atriplex anguslifolia, vai'. B. angtm- 
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tieslma, LI. ; Asparatjus qffkinalf's, vai\ B. maritiinus, Duu. (tliis 
variety reproduces itself notwithstanding being long cultivated 
in the interior); Jwicus capitatm ; Anthoxanthum odoratum 
{A. Lloydii, Jord.) ; Dachjlia gloiiu^rata ; Solent lanalits. 

"Secoiidh/, There aie inland species which have become 
more downy or hairy, or even woolly, as, e.g., Helianthemum 
guttotum, var. maritimum, LI. ; Herniaria glalira, var, B. 
ciliaia, LI.; (S. ciliata, Bab.); TrifoUum arvense, y&r. per- 
ptiMllum, D. C. ; Thrincia hirta ; JaMtme inontana, var. 
maritima, LI. ; Achillea millefolium, var. candicans, Le Gall. ; 
Mentha rotundi/olia, var. maritima, Nob. ; Staehys recta, var. 
lanatii, Nob. ; Planiaga Coronopus, var. lanuginosa. Nob, 
(Belle lele) ; P. lanceolata, var. lanuginosa, LI. ; Kteleria 
cristata, Pers., var. uillosa, LI., &c., &c. 

" Thirdly, On the banks of salt marshea certain inland 
plants put on fleshy leaves. These are chiefly Oirysanfhemuvi 
inodorum, var. maritifiium, Lloyd, and Afriplex latlfolia, var. 
nalina, Lloyd. The Chrysanthemum grows in the sand on 
maritime rocks, and differs besides from the type in that the 
ribs of the achenea are oblong, not rouniicd, and the intervals 
reduced to simple lines. When sown this form reverts the 
first year to the inland type.^ 

"FourtMy, Si/poekieris glabra forms in the sand and in 
seaside meadows pediculated tufts. This character disappears 
the first year after sowing inland.' 

"Lastly, In the alluvinJ lands recently formed by the 
excavation of our maritime canal of tbe Lower Loire I have 
been able to observe how the mud, rich in detritus, has 
stimulated vegetation, and my observations have been em- 
bodied in a pamphlet." 

Conclusion. ^The general result nf these observations on 
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the structure of maritime and saline plants is thus seen to 
be distinctly parallel with those on Desert, Alpine, and Arctic 
plants, &c., in that while on the one ^ hand similar charac- 
teristics are noticeable in numerous plants of no affinity 
whatever, but simply living under the same environment, 
experimental evidence invariably shows how these features 
can be either more or less produced by simulating the normal 
conditions of growth, or can be restrained, by growing 
maritime plants in soils and climates of very different 
characters from those which obtain by the sea. In other 
words, the peculiarities of maritime and saline plants are in 
all cases actually caused by their environment. These then be- 
come characters recognised by systematic botanists, as varietal, 
specific, or otherwise. 



CHAFPEK VII 

ORIGIN OF THE STUTJCTUKAL rEGULIARITIES OF 

PHANEKOGAMOUS AQUATIC PLANTS 

(Hidologij of Raota) 

Pbkliminary OnBBKVATioNa — There is probably nothii^B 
which acts more quickly in the production of a change of stru&J 
ture in plants than an aquatic medium, and by which the respoBt^ 
siveness of protoplasm is more readily incited. Experiments 
evidence is bo easily obtained, and the results are so convincing 
that if one might argue from analogy derived from '■ 
cnTironment alone, it would seem to be almost enough 1 
establish the evidence of the influences of the external c 
ditions being the true and Buf&cient origin of variatiooa i 
plants. 

Well-marted characteristic features due to an aqnatii 
habitat are seen in roots, stems, and foliage, and 1 
coaos even in flowers aa well. Allowing for various modifi 
cations, one recognises them in plants from all parts of ) 
vegetable kingdom, which include flowering plants and 1 
cular cryptogams as well as aquatic thallophytes. 

The peculiarities referred to are beat observed by contra 
ing thom with the corresponding structures in the i 
and subterranean parts of terrestrial plants, and especialln 
of those which arc allied to the aquatic species, 
comparing the land forma with tJie water forms of one a 
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i ampliibioaa apecies. It will be then at once per- 
l that the great feature which stands out pie-emitiently 
n invariable effect of a watery medtura ia 
degeneracy. Not only ib this obviously apparent in the forms 
of organs, but in the moat pronouuced manner even in the 
minutest details of histology. Thus, e.g., M. Chattn observee, 
after a prolongeil study of the wnatomy of aquatic plants : ' — 

" Lea genres Vallisneria, Anaeharin, Hydrilla et Udora, 
tons submergiSa et diSpoutvus do tout ^l^ment vasculaire, 
justitieut moa aper^us, et disent asscz que la degradation 
organique est, dans lo r6gnc viigdtal, auaai bien quo dans le 
F^gnc animal, en rapport iivec le milieu habite par lea 

Since aquatic plants live and thrive in water aa their 
normal medium, the inference is obvious that this degeneracy 
of structure, as compared with that of land plaata, bo far 
from involving any disadvantage to the former, really puts 
them into perfect equilibrium or harmony with tlieir environ- 
ment; in fact, the adjective "adaptive" may be applied to 
the word "degeneration." Consequently those structures 
which arc essential to an aerial existence — as, e.g., lignified 
supportive tissues — being no longer wanted, disappear, az 
the stoms ace not subject to the strain (due to gravity) which 
induces their formation on land ; while new features — such 
as the aeriferotis canals — are developed instead. 

Degeneracy, therefore, in plant life, does not necessarily 
imply anything injurious, but simply represents features of 
an arrested, or at least simpler character, which are in perfect 
correlation with the requirements or adaptations to an aquatic 
or other existence. 
I Xhe litoratuie upon the structure of the various organs of 
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aquatic plants is very extensive ; and tlie difficulty lies in 1 
stating (rather from an emharras de ritiliesee than any paucity J 
of observations), as briefly aa is compatible with the object iitl 
view, their main features. 

I may add that I have myself experimented with several J 
terrestrial plants by growing them in water, as well as studied 1 
amphibious plants, growing naturally both in water and oaj 
land, so that to a considerable extent I can corroborate the!] 
results obtained by other observers. 

As with previous cases, the argument that aquatic plont^-j 
have acquired their peculiarities through the direct action o(l 
the medium in which they grow ia baaed on the same two-l 
fold grounds : first, that of comparative anatomy, derived from. I 
innumerable coineidencea and correlations in aquatic plontafl 
from all parts of the vegetable kingdom and all parts of Ui4y 
world ; and secondly, from experimental verification. Takei 
tc^ether, the evidence is more than abundant to establish the] 
truth of the proposition. 

ToK KooT-PnoDDOiNO Effect of Water, — Commencing with 1 
a study of roots, the first point to note, with regard to the 
influences of water upon the production and alteration of the 
structure of roots, is that nearly all parte of plants, if placed 
suitably in contact witJi moisture, can develop roote. Of 
course gardeners are familiar with this fact, and are thereby 
enabled to propagate by layering, cuttings, and fragments of 
leaves, bulb-scales, &c. In these cases the plants may have 
no natural tendency to produce such adventitious roots before 
the stimulating presence of moisture encourages them to 
respond to it and to develop them. 

In many cases, however, it is the regular habit of the plant 
to produce roote at the nodes or elsewhere, Uke the strawberry, 
and they will commence to protrude them even without the 
presence of moisture, as when a straw be rry-ruimer is tied up 
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) B stick and made to grow verticoUy. In this case, not 
umer checked in its growth, but the roots soon 
p,te. This experiment proves that tho kaUl or 
predisposition to produce roots from runners is hereditary or 
a constitutional character. Of course strawberry runners 
normally grow in contact with the soil, and therefore readily 
strike root at every node ; but many plants, such as the black- 
berry, some ferns, &c., send their shoots or elongated fronds, 
Tospectively, first into the air, and they only reach the ground 
it may be a long period of growth ; but as soon as the 
inal point touches the ground, it strikes root Here 
^aia there is a predisposition which is called into action as 
soon as the fitting external condition, namely, a moist soil, 
is obtained. 

Aa examples may be mentioned Euhue frutifosus, vors. 
rhamnifoliua and eofylifoliug, which form a " callna " at the 
terminal bud of tlie barren shoots, from which roots arise ; 
on the other hand, var. mherectus does not do so. Sola/mm 
Dulcamara often roots in a similar manner. Adianlum can- 
datum, Aeplsniwm rJiizophylluin, and Scolopendrium sihiTieum 
have long tapering points at the ends of the fronds, of several 
inches in length, capable of developing a bud at the ajiex ; 
while Adianlum lanulatuin. continually roots like a runner. 
These all strike root when in contact with the soil. It is 
difficult not to believe that both the| callus in the blackberry, 
and the tapering points with their buds in the case of the 
ferns, have been a direct result of the stimulus of moisture. 
M. H. Devaux ^ has proved that the lenticela of potatoes 
straordinary development when they are placed 
moist air, or better still, when they aro completely sub- 
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merged. He Laa obGerved aDalogous facte on the stems of | 
the poplar, and upon the tigellum of the poplar germii 
in water,' Jcc, The phenomenon is facilitated hy heat, and 1 
appears to be better produced in light. The author regards 4 
this hypertrophy of lenticels aa representing an adaptatioi 
the plant to the exterior condition of great humidity. 

Herr Klebahn ' haa also proved that in Solanmn Dulcamara I 
and Serminiera Elaphroxylon one finds in the bark below I 
each lenticel the germ of a root ; the adventitious roots always I 
proceed from the development of these root-germs, and it ia I 
suflicient to put a fragment of a stem into water in order to J 
soon see the roote developing through the lenticels. 

Hence, from these few examples, which are aufHeient to \ 
illustrate the general principle, we may recognise two i 
ditions ; first, a general property or power of rooting at any ' 
point, though it may be more especially at the nodes, when \ 
moisture is applied to the place ; secondly, a constitutional 1 
and hereditary predisposition to form roots at these and other I 
points, &c., in a certain but very large number of plants, from I 
all parts of the vegetable kingdom. 

My contention is, therefore, that the latter plants have. I 
acquired this predisposition or hereditary character from the I 
constant habit of producing roots in contact with the ground I 
or water, ao that what is a general property of plant lifo I 
becomes a specialised feature in such plants. 

Besides causing tlie production of adventitious roots on 1 
stems and other parts of plants, moisture may bring about I 
a great increase of secondary and subsequent rootlets from I 
a main or taproot. If, for example, a root of Rubus, Alder, J 
or other plant, reach a river or ditch or field-drain, it will'l 
sometimes produce an enormous and dense mass of root-fibres. J 

' fefter WuTzdntJaHfn Kntcr LtniUdlen bei Serminitra KiaphroxgltmM 
tind Sa!a-imn DuUantara. Flom, 1B91. p. 125, Taf. iv. 
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St ia not infreqaently that draia-pipes get completely choked 
I by them. As another iDstance of lemiukable growth, 
i would remind the reader of the turnip root, tlie apex of 
«rhich penetrated a drain-pipe. The presence of water atimii- 
[ the growth, hut instead of swelling, it aimply grew at 
) apex till it was more than eix feet in length, and ouly 
e third of an inch in diameter at the summit^ 
■ Thia power of elongating may perhaps account for the 
pecnliarly elongated tips to the fronds of the ferns mentioned 

Thb Effects op Watbb upon the Tn^una op Roots. — Roots 
may be subterranean, aquatic, 01 aerial ; and comparative ana- 
tomy shows that there are tonsiderable differences in their 
histological structures, according as they belong to either one 
of the three kinds. 

A typical subterranean root has the fallowing elements 
near its apex. The epidermis ia usually of so simple a char- 
acter, that some botanists prefer to call it an "epithelium," 
and it may or may not have some of its cells prolonged into 
root-hau's. Then follows a variable amount of cortical ceUular 
tissue, until the innermost layer of the cortex or endoderm 
is reached. Some one or more layers of the cortex may have 
strengthening bands or be sclerotised in vaiious ways. The 
cells of the endoderm form a more or less complete cylinder, 
and have, as a rule, the radial walls of the cells characterised 
by a dark spot in the middle, as seen in a transverse section. 
It is apparently due to a fold in the membrane, or is perhaps 
suberised. Beneath the endoderm is the layer or layers of 
active parenchymatous cells constituting the pericycle, somo- 
, times called the radiciferous tissue, aa it is the eouree of 

Bondary roots. The xylem and phlot*m bundles alternate 
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in ijosition with the riidimeutary oambium adjacent to and"| 
within the Inttor. These two elements are embedded in 
ground- tissue, which completes the structure, of the central 
cylinder. Besides the cambium and the pericycle, certain 
layers of cortex may retain a merismatic character, and give 
rise to additional features, such a.B cortical fibres or saberoosa 
tissue, &c. Lastly, the apex possesses a toot-cap. M 

Now, every one of the above-mentioned elements can ' 
undergo a change of some sort or another, according to the 
requirements of the plant or to alterationa in the environment ; 
for experiments prove that one and the same root begins 
at oiiee to respond to the new external conditions, as soon as it 
is made to grow in an altered medium, whether it be air, 
earth, or water. 

Moreover, it is important to observe that the alterations of 
the tissues which thus ensue upon an enforced change of 
environment are identically the same as those features which 
normally characterise roots growing in a medium of the 
same kind. This experimental investigation at once verifies 
the deduction that all such differences as regularly occur 
between terrestrial and aquatic plants (for peculiarities are 
not limited to roots) have heeu the actual results of their 
habitats. 

Thb Epidermis of Roots. — The chief variable feature of 
the epidermis of roots is the production or absence of root- 
hairs. Ditferences in their presence or absence are often 
characteristic of varieties and species. Thus, if their roots 
be wholly and deeply immersed in water, plants are usually 
destitute of them, as, e.g., Caliitriche, Ni/mpJuea, Nastuiiittm, 
&e. On the other hand, I have found that the long dependent 
roots of plants of EydrochariB, which float on the surface, 
are densely clothed with them, such being apparently a 
consequence, in that case, of some degree of light Dr. M. 
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T. Masters^ has noted that "plants with the thick fleshy 
and woody roots rarely produce them; as of the Croeua, 
Tulip, Hyacinth, Sonchua ai-vemis, Taraxi'cum, and many 
others ; " ao that root-hairs are poorly developed or are 
ahsent altogether in aome plants and occur abundantly on 
othera. In these caseH they might, therefore, be taken iia 
a diagnoatic cliaracter. 

M, Chatin ^ observed that root-hairs were formed when 
roots came in contact with any obataclB, which he considered 
as aufl5cieiit to account 'fur their formation. M. Merj^ too, 
also attributed the production of root-hairs to an arrest of 
growth caused by some obstacle. He finds that radical 
hairs are much longer and more abundant as the growth 
of the root is slowed. Dr. Masters found that when 
mustard was sown in rammed clay, " the radicle penetrated 
it to reach the sides of the pot. Having done so, the roots 
produced an abundance of root-haira." This he attributes to 
the presence of a thin film of moisture, and not solely to 
the obstruction. As a rule, they are certainly more abundant 
in a loose porous soil, ecefertg parihvs, than in a heavy one. 

M. Coatantin observed that roots hearing hairs which are 
few and short in water have them much longer if the 
roots he in earth, and acquire the greatest development in 
moist air. 

The general reault of these and other experiments shows 
that the presence, in a greater or less degree, or the absence 
of root-hairs varies according to circumstances, and that when 
different species grow normally under correspondingly various 

' JntiTn. Roy. Hurt. Soc, vol. v. p. 174. 

' A jiatomie dcs Planiei airiennes tie I'Ordre dee Orckidiei. Mem. dc In 
Soe. Imp, dti Sd. de dierbouiy, torn. Iv. p, 1 1, 1S56. 

' Ik la ConttUutioH des PoUi Radicait:c, Aaa. Pranc. pour I'Av. da Set., 
3, p. 6SS. 
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conditions, they are provided or not, as the case may 1 
the natural inference is that the environment has produced 
the results which are now conetitntional, hereditaiy, and c 
acteriatic: of such species or genera respectively. 

TuE OoRTBS OF RooTS. — The nest element to be considered ' 
below the epidermis is the corbex of the roots of aquatic plants. 
With regard to this, as also the mediiUa when present, while 
in some cases there is only a more or less irregular separation 
of the cells, as in AUIienia,^ the intercellular spaces may 
increase in complexity until a very perfect and symmetrically 
arranged system of aeriferous canals is formed, with or without 
the presence of horizontal cellular diaphragms. 

This system of lacunse is one of the moat marked and constant 
features of the roots and stems, and, we may add, the petioles 
and hiades of aquatic plants generally, of whatever natural 
orders to which they may belong. Hence it is obviously an 
adaptive character, and is quite independent of any affinities. 

The cellular tissue is generally throughout more delicate than 
that of the cortex of terrestrial plants, the walls of the cells 
being thinner and devoid of the extra thickening materials 
which produce elsewhere sclerotised, lignified, or suberised 



No special change appears in the endoderm beyond the 
general arrest of all thickening processes, which are often ob- 
served in that of rhizomes, &c 

Thh Central Cylindbk of Roots. — With regard to the 
central cylinder, very obvious degrees of degeneracy may be 
seen in the elements of the xylem especially, the vascular 
system of the central cylinder being always much reduced. 
The actual number of vessels of all sorts is less than in land 
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plants, and not in|reiiuently thoy are wanting altogether ; lor 
as tliey decrease in number, so do they iii construction, pasaing 
from spirals or true tracheffl to barred (Fr. ray^.es), thence to 
"liber-ceils" witliout thickenings, and finally to total absorp- 
tion, a lacuna occupying the place. 

M. ITi. van Tieghe^nl has descrilffid and illustrated four 
tyjjes showing succesaivL' degrees of degradation. In the first 
group the ordinary organisation is maintained, but with a 
diminution of the numhei of veasals of the wood or of the 
phloem elements. In Hydvockaris Humboldlii each vascular 
bundie possesses no more than one vessel, each phloem bundle 
is constituted by a single thraad of narrow or elongated cells. 

Of the second type Eiodea canadensis alforda a good example. 
In this the cells obviously deatined to become vessels absorb 
their walls, in general, before their thickneBS has become ap- 
preciable. 

Thirdly, in Naiaa major there still exists in the central 
cylinder two layers of simple cells around a central cavity. 
The external layer is the jierioycle, the interior ou-j/it to be 
differentiated into xylem and phlcb'm, bnt the transformation 
docs not take place. 

Fourthly and lastly. In th,e LemTiacece the arrest is still greater, 
for the central cylinder is no longer formed. There is only a 
single layer of cells surrounding an axial lacuna. The mother- 
cells of the xylem and phloem systems are not even differen- 
tiated before absorption takes place. 

M, Chatin adds many other cases, and the reader will find 
ample illustrations of these facts in the plates given in his well- 
known work. There are also details to which M. van Tieghem 
does not refer. Thus, gradual degenerations in the thickening 
of vessels is seen from true spiral vessels to cavities replacing 

• Synnftpt'e de Slructurt det Plantee. Ann. det Sci. Nat., 5 Ser. toni, 
liir. p. 159. See sIbu Chutia'a Atiatamie mmparie da Vig6tavx, (om. 1' 
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them, j as, for example, in Ottelia alisnioidea the xylen 
bundles of the root has true spirals or trwheae. In Hydro 
ckarls tliore are noue, but " barred " 
The stolon, however, has true spirals, 
observed that the roots of aquatic piar 
degree of arrest than the stems of the s: 

In Slralioles aloides the root has 
Chatin calls "fibres-cellules," elongiited tubes with obliquely 
truncated ends, and which seem to be formed of cells which 
ought to have become differentiabed into vessels. The de- 
gradation undergone by vessels se'ims to be from "spirals" to 
"bars," then " punctationa," thence to an absence of any 
thickening. The vessels subsequently become replaced by 
"fibrous cells." Lastly, a total Absorption takes place, when a 
long and narrow lacuna occupips its position. 

Of these varieties punctated and barred vessels appear to 
be the most prevalent in aquptic roots.^ 

MirbeP observed that pi'jictations, bars, and spirals may 
occur on one and the same vessel, and called them "mixed 
tubes," and that it can assume successively these different 
appearances. Thus he says : " A traehea of a stem can 
terminate in the root in a moniliform vessel, become a false 
trachea ui the node at the base of the branch, run through 
the latter under the form of a punctated tube, and take, in 
the leaves or petals, the form of trachea," * 

' I adopt this lerra as perbapg betttr eipreasing tlieir appearance tlian 
"rayea," It ia a Bort of imperfBot BcalBriform, or perhaps the acolari- 
fonn tisane of Ferna may be regarded an a well-pronounced (liffetentEatsd 
state af barred vesseU. 

' They occur in parasitio planta, from an aiialogous, thotigh, of oouibb, 
a different cause of degeneracy. 

' EUm. de Pkyi. Vig., PI. x. fig. 14. See also Tucpin, Icon., PL i. fig. 11. 

* Suuie authors denied Mirbel's aa.'-erliun, but it \a in geueial accord- 
ance with my own experience of the ease 'witli which spiraU can becutne 
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In aquatics the punctated vessels may closely simulate 
punctated fibres, the chief difTerences being in the lessened 
diameter of the latter and the more or less oblique position 
of the septa. Then these pass into thin-walled fibres of the 
same shape, and finally become "fibrous cells," when they 
may contain starch. 

The general conclusion that one appears to arrive at is, 
that in the course of the difierentiatioo of vessels, horizontal 
elliptical spaces are at first left, giving rise to the appearance 
of bars ; this is the first form. If these be very regular, they 
acquire the scalariform character bo familiar to us in Cryp- 
togams, which thus retain permanently an elementary type. 
Annular vessels would aeem to come next, c 
or tnio spiral vessels might be considered ai 
with them. Reticulated and pitted 1 

I take to be further difierentiations by an 
cation. It may be added that reticulated 1 
vessels may have the more elementary character of bars on 
the same surface. This may be seen in Chatin'a figure of 
Boackniakia glabra'^ and in Ohdlaria virginiana.^ 

Degradation by water appears, then, simply to reverse this 
order ; thus in Trapa tioiam the vessels are all ringed, very 
rarely with a tendency to the spiral for part of their length. 
M, Earnfioud thus describes them ;— " Ila se brisent au contraire 
a une faible traction eu grands anneaux disfcincta qui flottent 
au milieu des gouttes d'eau dans lesquclles on les observe. 

II n'y a aucune trace de v^ritables trach^es parfaitement 
deroulafalea, et telles qu'on les remarque dans la plupart des 

degraded. Of coane, one known that annular and reticulated veSBets 
afe allied to spirals, as the spiral bond can becoms reticnlated or break 
np into cingB jn the same vesael. But thes 
neoeaaarilj degradations. 

• Op. cit., »o]. i. PI. xxW. > 
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plantes phanSrogamea, Ce fait s'accorde ici trts bien avec 
I'opinion de la pltipatt dca anatomiates, qui eonsidtrent lea 
arganca de la T^gdtation, et en particulier les tigea et les 
racinea dea plantes aquatiques, comme g^n^ralement d^pour- 
vues de vraiea tracheea." ^ 

With regard to the mechanical aupportive ayateni, M, 
Coatantin remarks that an aquatic medium determinea the 
reduction of it. Tliia I can corroborate, for it ia ahown, for 
example, in the root and atem of Bidcns cemua when the 
plant growa in water, and not on dry ground. There is in 
individuals growing in the former situation a total abaence of 
sclorenchjma on the outside of the fibro-vaecular cords, and 
no woody fibre ; whereas both elementa are well-developed 
in the terreatrial planta. 

Thb Eoot-Cap or PiLEOEHiZA.— I have deacribed elaewhere 
the marked differences between the root-cap of Endogens and 
that which prevails in Exogens, and ahown that the former 
type is found in aquatic Ex(^enB, as the Nymp/iceaceie, and 
some parasites. The differences being aaaociated with other 
characters of the root, they all conjointly conspire to prove 
that their peculiarities arc attributable to the direct action of 
the medium in which the roota habitually grow.^ 

The general effects of an aquatic medium upon roots may 
be aummed up as follows ; — It increases the volume of the 
cortical lacunie. It diminishes the medulla and reduces the 
fibrous and vascular systems. Like aquatic steme, roots 
developed in water recall by their structure that of subter- 
ranean organs, but are different by the presence of lacunBB 
and by a less development of the vascular elements. Lastly, 



' Anatomic et OrganontrtU d« Trapa « 

1S4S, p. 229, PI, xiii. figB. [Z-ld. 

' A. Theoretical Origin of Endogens fro 
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fenine ia formed with difficulty in water, as it also is iii 
obscurity and underground. 

The mass of observations on the anatomy of aquatic plants 
made by numerous botanists collectively, point by their uni- 
formity to the conclusion that all these various degenerations 
are the actual effects produced by the action of the water upon 
the roots, which thus become arrested in lesponding to the 
externa! influences. These results are now permanent leatnres, 
and are characteristic of species, genera, Euid orders, and even 
to the whole class of Endogens. "With regard to the numerous 
points of structure proving an aquatic origin of Endogens, 
there is a very marked one in roots which may be here men- 
tioned. It is a well-recognised feature of Endogens that on 
germinating the axial or primary root is either not developed 
{as in wheat) or is very transient (maize and palms), while 
adventitious roots are developed instead in ascending series 
from the stem. A precisely similar procedure is seen in 
germinating aquatic plants of Exogens, as in Water-IUies, 
Trajia, &c. 

The cause of this arrest, which is now hereditary and 
characteristic of terrestrial Endogens as well as aquatic ones, 
appears to be, that as the development of the primary root 
depends upon the assimilative powers of the first leaves formed, 
and as these are more or leaa arrested in water-plants, the 
axial root ia accordingly arrested also.' 

'or further details the reader U referred to "The Origin of Endogens," 



CHAPTER Vin 

PHANEEOGAMODS AQUATIC PLANTS — (continue^ 

{Histology of Stems and Leaves) 

SuBMBEGBD CONTR^TED WITH Aerial Stemb. — In order to 
perceive how water brings ribout modification 8 in the histo- 
logical elements of stems, it will be advisable first to contrast 
the tissues of aquatic with those of aerial stems ; as, e,f/., of 
corresponding parts in amphibious plants, and also different 
parts of one and the same stem which grows out of the water 
into the air. Secondly, they can be compared with those of 
subterranean sterna, either when these latter are also sub- 
merged or beneath a dry soil. 

After having shown, as briefly as is advisable, the differences 
which occur naturally, it will be seen that precisely the same 
results follow from experiments. 

M. Costantin ' has published very careful comparisons be- 
tween the anatomical Btraetures of aquatic, aerial, and sub- 
terranean stems, of which I propose to give a brief epitome and 
to add further matters. 

He illustrates differences in the epidermis, cortex, lacuna, 
collenchyma, cndoderm and central cylinder, including the 
fibro-vascular cords. 




' Aim. del Sci. Nal. Sol., 6 Sor. torn, six, l£S4, p. 287. See tlto 
his pftper Ettuiet am- Its PaiUlei des PlanUe njuoiijUM. Jtiii. del 3ei. 
Nat., 7 S61, tom. iii. p. 94. 
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He observes that just as the increase of the lacunEe will be 
Uiown to hn the first result established by experiment, when 
a noi'raally nerial are kept eubmerged, so a less proportion 
1 always apparent when one compares the aerial stem of an 
mphibiona plant with that of the aquatic form, or the aerial 
) the aquatic part of one and the same stem. Thus, for 
wample, he describes Mentha aquatica, a branch of a ter- 
restrial plant being kept below the' surface of the water: — "In 
w meditim the stem enhirges, its angles are leas pro- 
HDOunced, and its surface is glabrous. The internal changes are 
^equally well marked : the lacunte of the aquatic part, which 
is the youngest, are considerable ; the cortex has consequently 
assumed an important increase in volume. It may be observed 
that while the lacuna of the cortex are gehiiogeneous^ and 
enlarged in water, the central medullary one is lysigerwus.^ 
This latter diminislies or is absent from the reduced size of the 
diameter of the central cylinder, through degeneracy caused by 
the plant growing in water." 

The above differences ore equally true for Exogens, Eudogens, 
and vascular Cryptogams, as Equigeiam, 

With regard to coUenchyma, it is reduced in amount or 

^Iiseut in aquatic sterna. In the case of the Mentha a^iiatica, 

e terminal shoot held under water gradually curved upwards. 

' Tbut IB, caused bj tbe tepamtian of the ceilH. 

> Tbat ia, caiued b; tbe laceratitra of tbs culls. On the othei hand, M. 

hmdond dBBcribca the focmatioD of laouniE ia the cortex of Trapa notani 

■ being Ijaigenuun, and observes that there ia much analogy between 

I them and those of Mipparit vulgarii, Myriophyltum, some gpecies of 

I PetamogtUm, and CaUUriclie venui {Sur VAtaiamit et FOrganagSnU du 

I Siapa rtatans, Ann. det SeL iVat, S^r. 3, 1848, p. 228, PI. 13, figa. 12-16). 

The origin of lacuDsa I woidd h^iotbetioimy attribate to tbe aocumula- 
Y Voa at ur in tbe tissues, aa it cannot esoape, there being no BtomatA. 
I Irregular lysigenuuB cavities are first formed ; but subsequently aymmetri- 
I cal tubes, Ac, are produi»d ; a feature nhich has becime hereditary in 
r aquatic plant*. 
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To sustain tlie erect position supportive tisBuea were requiredy 
BO that collencbyina was immediately developed to meet 
atrain ; for the fibro-vaaculai cords are too degraded to furnish 
assistance. In Equisetum there is a perfect tranBition ; coUen- 
chyraa being at the angles in the aerial stems, it gradually ^^ 
decreases in quantity below the surface of the water, and 
finally disappears altog«ther, apparently just in proportion asi 
the mechanical strains to be met diminish. 

The endoderm is generally much the same in both, though 
tlie Buherised "folds" tend to disappear in the aerial, while' 
they are very pronounced in the aquatic stem, aa occurs also 
in Equigdum and Mentha. 

The fibro-vaacular cords are continued from the aerial to iha 
aquatic portions, but tend to degenerate, and vanish only it 
a plant bo naturally and always absolutely submerged. 

M. Costantin observes that the (ibro -vascular cords of am- 
phibious plants preserve iu the water the aerial oi^Tinisation 
when their bases only are submerged ; but it is sufficient to 
compel the plants to grow in deep water for the fibrous and 
vascular elements to become at once greatly reduced, ajid not 
infrequently do they vanish altogether, aa in AldrovaniUa,. 
which has no lunger any vessels in the intemodea. 

Perhaps no structure shows the effect of water in a more 
pronounced manner than the various degrees of degeneracy 
which the vascular system undergoes. 

While the effects of the different media are clearly seen, 
it must be also noticed that different parts may vary even 
in the same medium. Thus the aquatic stem of Trapa naians 
ia formed entirely of aoft tissue, and cannot rise to the 
surface ; but through an increase of the locunie of the stflm ' 
and the inflation of the petioles of the upper leaves, the 
flowering stem is enabled to rise so aa to produce itfi flowers 
in the air. Hence the cortex forms (our or five circles of 
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large lacuuffl in the upper part of tlie Btem, there being only 
two in the lower part in deep water. 

Again, Mr. A. Fryer,i in describing certain species of 
Polainogelon, says of P. varians, Morong. (in Herb, ineJ.): 
" Stem springing from a tuberous loot-atock, slender, usually 
simple below, with a few branches above the miiidte, not 
divided into secondary branchleta ; or in shallow water with 
a few branches from the base, each springing from the axil 
of a persistent leaf, and then rareli/ with very short secondary 
branehlets." 

It will be seen hereafter that leaves also vary greatly 
according to the depth of the water in which they occur 
even on the same plant. 

M. Cli. Martins discusses the synonyms of Jussuta repens, 
L., naming seventeen in all, and shows that these arise in 
accordance with the environment in which they grow; e.g., 
submerged, on wet soil, and in dry situations: — "De tels 
ehangements dans les conditions d'existence am^nent des 
variations de forme qui out conduit lea botanistes k voir des 
esp^a diff^ientos dans de simples modifications d'un seul et 
meme type v^g^tal." ^ 

M. Bary calls attention to a special feature characteristic 
of the stems of aquatic plants, whether endogenous or exo- 
genous, and therefore one of adaptation and not affinity, in 
that they are provided with an axile bundle ; a feature 
which tends to an approximation to root structure, and so 
becomes indicative of degradation. The reader is referred to 
his work for the enumeration of many aquatic plants provided 
with this pecuharity.^ 

' Joam. d/ Sot,, vol. xxvii. 1889, p. 33. 

' SfSBUiire tur la WnciiiW airifh-ei ou Vetaies nalaloirea des Eipicet 
ognatiqtKi rl« Omtt Juiticsa, par Cb. Martina, p. 1 1. 
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EXFKRIMBNTAL EviDBNCE OF THE EPPECTS OP WaTBR UP(HI 

THE Stbhb op Tbrkbsthial Plants. — M, Coatantin and otherSj ' 
including myself, have grown ordinary terrcBtrial plants in 
water with the following lesulta.^ The persistence or modi- 
fication of the epidermis may occur. Thus M. Costantin 
found that no change waa produced in Vicia sativa on the 
stems maintained in water, while their length had hecome 
tripled. On the other hand, M. Lewakoffaki^ found that in 
Epilohium Idrsiitum, Lycoput earopaui, and in two epeuies of 
Lythrum, the epidermis of the stem has disappeared very 
soon from the submerged plants. As a similar change is very 
ppoQOuneed in the epidermis of leaves, the contluston one 
would arrive at is, that the absence of a true aerial epidermis 
with many stomata is the direct effect of the medium; but 
that when normally terrestrial plants are made to grow in 
water, the change is not always nor equally producetl, but 
that hereditary effects are too powerful in highly developed 
plants to lose their characteristic features all at once. On 
the other hand, plants like Ranuiieulus heterffphyllus and 
CaiUtriclie, the diiferent leaves of which are continually being 
either entirely submerged or else floating, or even entirely 
in air, the power to develop an epidermis, with stomata or 
not, is naturally accommodative, and responds immediately to 
the external medium in which the individual leaf happens 

"With I'egard to the thickness of the cortex, M. Coatantin did 
not find any appreciable difference in the ease of Phaaeolm 
vulgaris, Vicia sativa, Lupinus albus, and Rteinus eommuHta. 



«n. dn Set. Nat. Bol., 6S«r. 



' Ailapted froDi M. GoataDtin'a paper, . 
idx. 1S84, p. 301. 

' Ueber den Einfivit dea B'nMCrj ou/ do> Wachithnm dtr Stengel a 
WuT^ctn cmiger Pfianzen. Mem. de VAtad. ile Kazan, 1873, Nn, 6. 
atnict in JvtI. ISnlaii. Jahrcsh., 1S73, p. S94- 
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r On the other fa 



.. Lowakoffski found, by making trans- 
BfBTsa sections at. the same lieiglit on the stems of the same 
species grown in water and on land, that the aquatic stem 
produced between the cambium and the cortical parenchyma 
two series of translucent cells without chlorophyll, three or 
four times longer than broad, a aeries which did not exist in 
the terrestrial plant. This difference also increases with age. 

Below the level of the water these two series of cells become 
a thick tissue provided with Ittcunm. 

The spongy aiiriferous roots of Juggiwa r^ens and other 
species are, like canal-bearing stems of other aquatic plants, 
the actual production of the aquatic medium, for they cease 
to be formed as soon as the stem rises into the air, or when 
the stolon is cultivated in soil. If, however, in the latter 
case, the stolon be allowed to extend itself in water, the 
spongy roots immediately reappear. "TJii Jussicea cultiv^ 
dans un terrain sec ne pousse des racines caulinaires quo dans 
la portion inf^rieure de la tige en contact avec le sol, qui con- 
serve toujouis un peu d'humidit^ apr^s les pluies ; jamais i1 ne 
Be d^veloppe de racines a^rif feres." ^ 

The fihro-vaacTilar system, as stated, is always more or loss 
degenerate in aquatic plants. As in etiolated, so with snb- 
mci^ed stems, oue finds in both a like retardation in the 
appearance of the liber fibres, and a like arrest in the develop- 
ment of the vascular system. Thus, while there is no liber 
in the submerged stem of the castor-oil plant, they are well 
formed in the aerial stem. M, Costantin found similar difTer- 
ences, hut less accentuated, in the Lupin. The diminution of 
the number of vessels is very uniform. Thus in Vicia saliva 
the middle of the aiirial stem had 47, that of the aquatic 
only 38. The hottom of the former had 66, that of the 

I M. Mnrtina {op. cil.) deacribea the "Iflnil fc.rin" hs boing vtry dit- 
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bitter 46. Itieiniu communis had similarly 26 and zi againsb ' 
10 and 19 respectively; while Faba vulgaris growing on land 
had 5 at the aides and 36 at the angles. These num1>efs 
were reduced to 2 and 15, in corresponding positione, in the 
aquatic stem. 

As the preceding reeulte from experiments exactly tally with 
the structure of normally aquatic plants, the conclusion i 
inevitable that this regular and jMrsistent reduction i 
number of vessels is a direct result of the effects of wate 
upon submerged stems. 

M, Costantin sums up his results as follows: — "Thai 
aquatic medium determines the formation of cortical 
medullary lacunte, and it arrests the development of the va^i 
cular and fibrous tissues." 

Aquatic Plants Grown on Land in Air,— In the prfr-^ 
ceding section I have considered the effects of the medium 
upon the structure of normally terrestrial and aerial plants 
when grown in water. We will now see that the converse 
effects tend to appear when aquatic plants are grown on 
laud. 

There are numerous plants which are frequently "amphi- 
bious," living submerged entirely, or in part with floating 
leaves, and also on the mud, or even dry soil, when the water 
has disappeared. Such are Ranuneulus heierophylhts, PeplU 
Portula, species of Potamogeton, Callib-iehe, Myriophyllum, 
Bidens, ifcc. In comparing the histological structures of the 
two forms, one finds profound differences; yet there is no 
question of their being derived from one and the same source 
respectively. That this is the case is proved by taking the 
water form and growing it experimentally on land, 01 the 
land form and growing it in water. 

M, Costantin selected plants of the aquatic form of Pi-pUe 
Portula, and grew one in water and the other on land. The 
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fonner, as ia usual with aquatic forma, had elongated int«r- 
nodes, while in the other they were short. In both stems 
the cortical parenchyma was hollowed out with four large 
lacuna. In both they were mainly the same size, but wliile 
the septa remained homogeneous in the Innd form, thoy were 
hollowed into secondary lacunce in the aquatic. 

Similar changes occurred in CaUilrirhe slagnalis, Nagiurtiuin 
officinale, and Myoaotia patustris. In CaUitriehe, while the 
intercellular spaces increase m.ach in size, the cortical cells 
become rounded in the aquatic form; instead of becoming 
quadrangular, as in the laud form. 

"Thus," adds M. Costantin, "the aquatic medium deln- 
mines the increase of the cortical lacunae of the stem ; it is 
the result which comparative anatomy leads one to foresee, 
but which experiment alone could prove. These variations, 
though slight, are not the leas interesting, for they show 
that the duration of the existence in air has no need to be 
prolonged before the differences show themselves. Experi- 
ments, moreover, prove that the lacunte are still pcrsiatent 
when the plant is grown in an aerial medium ; the plant, 
therefore, notwithstanding the new conditions of its environ- 
ment, retains the character of its aquatic life, although they 
are less pronounced." It may be added that similar results 
accrue from heredity. 

The next point to notice is that the number of vessels 
increase when an aquatic plant is grown on land. Thus, 
in Peplis Portula the corresponding numbers were 25 and 
S3; in Galliti-iche, 4 and 12; in Nasturtiuw., 18 and 57; 
to which I can add Bidens cfmua, which has isolated 
groups in the aquatic form, but a complete circle of fibro- 
vascular cords in the land form. Moreover, the degradations 
so characteristic of the aquatic all tend to disappear in the 
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M, de Bary ^ divided veeaelB into two categoriea — imperfecfeTil 
and rudimentary, to which may be added a total absence 
or arrest of all trace of them, a lacuna occupying the poaition. 
Plenty of illustrations of these conditions may be aeen, e.ff., 
in the plates in M. Chatin'e work ; but if a few common 
water-planta be dissected, the reader will soon discover ample 
evidence of this deteriorating effect of growth in water. 

While the vascular system at once begins to "improve," 
so do collenchyma and liber fibres to appear. The inte.rpreta- 
tion is, that as the stems require means to support them- 
selves in air, these tisauea arc developed to meet the strain 
to keep them erect. ^ 

An increase of the central cylinder accompanies the develop- 
ment of the vascular system, and shows that the central 
vascular cord is a structure analogous to that of terrestrial 
Exogens. M. Costantin's figure of Pej'lis Portula showe that 
the aquatic medium, by reducing on the one hand, the 
diameter of the pith and of the central cylinder, by arrest- 
ing the development of the vessels, determines the formation 
of a central body, which, by its minuteness and the feeble 
importance of the vascular system, has been regarded as a 
single vascular cord. The aquatic stem of Peplts, in its 
totality, recalls absolutely the structure of the central system 
of many stems of Primulacem, Scrophularinece, &c. One can 
therefore pass by a senes of transitions from the structure 
of the "body" which is found in the centre of certain 
aquatic stems to the normal type of a fibro-vascular cylinder, 
surrounded by an endoderm, and containing medullary tissue 
within it 

There is another feature in certain stems which would 



' VergUiekende Anatomie, p. 3S1 >eg. 
* The reader ia reteried to chajittr xi. for a full dine 
mechuiiical atraEns. 



Ill of ailaptutloT 



PHANEKOGAMODS AQUATIC PLANTS 



159 



seem to be due to the effect of water, judging at least by 
its appearance in aquatic or sub-aquatic plants. It is called 
an agtUique condition by Van Tieghem, who has shown that 
in several horse-tails, Equimfiim Umosum, E. littorale, fic, in 
Ophioglossum, and in certain Exogens, Nijnipliceacew., Rammcvlus 
Lingua, R. aquatilis, &&,, and of Endogens in Bydrocharis, 
Limrtocharis, &c., the stem ia characterised by the absence 
of a true central cylinder or »tele. They are therefore 
adeliijue. Each libero - ligneous cord is in fact plunfjed 
directly into a parenchyma which is continuous from the 
periphery to the centre; a layer of which bordering each 
cord ia developed in a special endoderm together with its 
own pericycle around it.^ 

One knows, on the other hand, that the pericycle is by 
definition the part of the conjunctive tissue of the central 
cylinder which lies exterior to the flbro-vascular cords. In 
the asti'liqm structure there ia, therefore, no true central 
cylinder ; so that there would be neither pericycle nor pith 
nor medullary rays. 

M. van Tieghem gives the name perideeine to the layer of 
tissue which in the astiligue structure surroonds as a particular 
endoderm the liber and the wood of each fibro-vascnlar cord.^ 

M. Costantin appears to have observed this peculiarity 
in 1884, for he remarks; — " L'endoderme do la tigo florale 
(of Ranunculus heterophyllne) entoure complitement chaque 
faisceau, au lieu de contoumer tout le cyhndre central, comme 
cela a lieu pour la tige subme^6e,"* 

The Comparative Anatomy op Aquatic and TBRnKBTRiAi, 
Sdbtbkranean Stkms. — Commencing with cortical Incimn, 



' Train d-e Botanii/ue, p. 764. 

• Jlemarguci «ur la t^trimlvrc de la Tigc da Prilee. 

■ Ann, dei Sei. Nat., :8S4, 6 Sir. torn. ilx. p, 31& 
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M. Cufitautiii kIiows that tiioao which are so characteristic oi 
stems aurroundcd by vater are retAined in aquatic Buh- 
terranean regions though reduced in sizn. In fact, the cortex 
of one and the same stem may present three different aspects, 
in tlie aerial, aquatic, and subterranean regions respectively. 
Thus, e.g., in Vm-onica aeulellata in the first region, the 
cortex ia feeble and the lacunas niimeroua ; in the sub- 
mei^ed part, the volume increases as the lacuns hocome 
very lai^e ; while in the aubtorranean portion the lacuna; again 
<Iiminish, but arc not so small as in the ai^riol part. The 
above is equally true for other plants. 

He found that by burying the aerial stems of Ranwaculus 
heteropln/lliis at the bottom of the water, the cortex at onee 
became thicker. This fact, he adda, proves that the increase 
of the cortical parenchyma in the subterranean parts exists 
for aquatic as well as for terrestrial plants. He concludes 
with the words ; — " One observes, therefore, in the terrestrial 
parts of aquatic plants, the ordinary increase of the cortex; 
this region becomes hollowed, however, with lacunie by the 
action of the medium being partly aquatic in which the 
rhizomes grow," 

With regard to a suberous layer, a corky surface rapidly 
appears on aubtorranean atoms in dry soila. This also appears 
in aquatic subterranean stems, but much modified. Sometimes 
it is only the epidermis, aa in Mynophyllum, &c., which be- 
comes suberified. The importance of this protecting layer 
is therefore less in water than in rhizomes of terrestrial 
plants. It is very likely, he observes, that the very humid 
soil in which theae rhizomes grow offers less resistance to 
their growth, so that the external layers are lesa frequently 
torn. 

Cnllcnchyma disappears nearly constantly in subterranean 
stems after a longer or shorter sojourn in the soil. Aquatic 
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plants undei^o equally this changa Thua a subterranBan 
Btem of Helosciadum inuiuiaium, which, was much older than 
the aquatic stem, did not present collenchyma in the cortex, 
while the latter had it in front of the cords. 

With regard to the endodemt, the middle walls are slightly 
suberified ; the expansion of the wall produces a fold, which 
givea rise (according to Schwendener ') to the characteristic 
black spot. In the thizome of lleloaciaduin these spots do 
not occur, although they are present in the aquatic stem. 
In other stema they may occur in botb, na of Myrio^tyllum, 
or in neither, as of Veronica. Suberine is, however, produced 
with difficulty in aquatic sterna generally, either in the external 
layers or on the walls of the endoderm. 

M. Costautin thua sums up his observations : " After having 
established experimentally how the sojourn of a stem in 
water, in air, or in earth modifies it, I have looked to see 
how the pi-eceding mollifications occur upon one and the same 
axis divided into three regions plunged into three different 
media. 

"The comparison of aquatic with Hubtermnean stems shows, 
for the latter, that the lacunie are reduced in size ; the vascular 
Bystem is a little more developed ; the fibres and collenchyma 
disappear nearly completely ; the peripheric layers are suberi- 
fied, and the endoderm is more differentiated." 

I will conclude this section with a brief comparison between 
the anatomical details of Bidem renma growing in water and 
on hardened mud, which I have had an opportmiily of 
observing. M. Coatantin has also examined the same plant. 
In his figures he shows that in the subterranean parts the 
large wedge-shaped lacuna have entirely disappeared, nothing 
but little quadrangular interspaces remaining. In my speci- 

' Die Srknt:acJieii!en «nd i/ire VeritHrkunyen (JA&uhH. rfcr A". Alad. 
r ffiMdMc/i. ™ Berlin, i8Ba). 
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mena the lacunfB were present, but greatly reduced in size. 
In M. Coatantin's case the sylem ia isolated, and fonna a 
more or leas quadrangular mass in the very centre of the 
root, up the axis, the cells being arranged in no order. In 
mine, there was a perfect and dense cylinder of wood of 
radiating fibrea with scattered vessels, surrounding a central 
pith with a circular lacuna. 

The aquatic and terrestrial habita, however, were correlated 
with other difierencea respectively. Thus the structure of 
the basal and creeping part of the stem, from which adven- 
titious roots descend, showed similar differences to those of 
the roots. In the case of the aquatic plant the fibro-vascular 
corda were separated into wedf^e-shaped masses. In the 
terrestrial they formed a continuous and compact cylinder. 
The cortical lacunie also were smaller than in the aquatic 
plant, while the epidermis was composed of square cells in 
the land form, and narrow elongated ones ' in the corresponding 
place in the aquatic. 

Similarly, in the aerial parts, the stem vras greener and 
broader than in the land form, tapering upwards ; while in 
the latter it was more cylindrical. In the aquatic, there was 
a compact medulla, with wedge-shaped isolated cords or xylem 
without sclerenchyma, and more numerous cortical lacunas. 
In the land form, each cord was provided with an outer dense 
mass of pericycular sclerenchyma. Lastly, a very large lacuna 
formed hy laceration occurred in the middle of the pith. 

The above details will be sufficient to show how profoundly 
the medium affects a plant according as it grows in water or 
on dry ground. 

Leaves of Aquatic Plants, Foliar Dimorprism. — The 
aerial and floating leaves, when present on the same aquatic 

^ TliiH difference 19 perhaps corrtlnted with a, reduced tension in tlie 
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I^nt, generally differ very greatly in form, and always in 
iltructure, from Uie submerged leaves. In Bantincidtii lietero- 
phylbts, Gahomba aqtiatica, Trapa natam, &c, the floating 
Uaves are more or less rounded, with an entire or crenated 
margin ; while the submerged ones have dissected and filiform 
segments. In Nymphwa the floating and submerged leaves 
are alike in form but different in structure. In Hippui-is and 
Callitrie/ie the aerial and floating leaves are linear and short 

Pin the former, round in the latter; while the submerged 
.leaves of both, as well as those of Lobelia Dorlvianna, Limo- 
aella aqitatiea, and Littorella lacuatris, are ribbon-like or 
linear, recalling the prevailing form of Bubmerged leaves of 



I 



In all cases the submerged leaves are of a more delicate / 
texture, more or less translucent, and of a brighter green / 
colour than the others. -< 

With regard to the anatomical structure of a submerged 
leaf, it shows degradation in every part. Thus, the epidermal 
Cells of Hippwris completely alter their shape, becoming elon- 
gated with straight walls, the cuticle disappearing, and there 
ue no stomata.^ The mesophyll is greatly reduced in quantity, 
aa also are the chlorophyll grains, while the lacunEe enlarge, 
the phloem and liber being much reduced. The vesaels also 
diminish in number to one quarter of that in the aiirial leaf ; 
the thickness of the submerged leaf being leas than one-hn!f 
that of the other. 

In RanuncaluB heterophyllua, the epidermis of the submerged 
leaf forms the superficial layer of the mesojihyll containing 
chlorophyll, ita inner walla not being parallel to the surface, 

' The reader is raFeired to De Earj's Comp, Aval,, Ac, p. 49, for nn 

•ecount at "tbe occurrence and dietribution of air-pores yielding mouy 

remarkable EXHtnplea of the change of atnictucQ by direct, often iudivi- 

I dual, adaptations. 
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but fitting betweeu the angles of the subjacent colls, 
is a similar reduction in all the interior elementa. 

Very pronounced differences occur between tlie leayea of 
plants of tbe same species growing in deep and shallow water 
respectively. Thus Inoetes laeuetris, var. dnda, is a result of 
its growing in shallow places ; while /. tacuitrw, var. dalior, 
frequents much greater depths.' 

SagiUaria gagilHfotia is interesting as furniBhing transitions 
from the submerged, purely ribbon-like form to the aerial 
sagittate blade. In deep water it produces the former only ; 
Dearer the surface the ends of the leaves assume a spathulate 
or sub-elliptic form ; the next type is an elongated hastate ; 
and finally the sagittate form is attained. 

The most interesting family of plants which illustrates this 
feature is the Nymphceacece. It was long doubted whether 
they should be classed as Exogens or Endogens ; for tliey 
possess so many features characteristic of the latter class. 
Tliese features, however, are simply adaptive to water, but 
have become hereditary and typical of Endogens, whether 
aqtiatic or not. 

With regard to the leaves, the first formed are arrested as 
linear phyllodes j and a close comparison may be made, e.g. , 
between the foliage of Victoria regia and that of SagiUaria 
sagittifolia. Thus, the first leaf in a Victoria seedling is a 
petiole without any blade j the second has a lanceolate limb; 
the third is hastate ; the fourth sagittate-peltate ; the subse- 
quent ones being orbicular-peltate. 

SagiUaria has ribbon-like fohage when growing in deep 
water, and is then known as the variety Vidiisneriifolia, 
Casson and Germ.j the following leaves are, as stated, spathulate, 
hastate, and sagittate. The sagittate-peltate is attained by the 

' ¥\\c\tf, Les IsfKltt ilea Vosges, 1S79. 



genera Caladium and Alocasia, and the orbicular by Hydro- 
charis of Endogens.' 

A cause may be suggested for the origin of the haatate and 
sagittate types of anbmerged leaves, as follows ; — As long as 
the water is more or less deep and poorly illuminated, a 
tendency to elongate the phyllode, like a stem in etiolation, 
exists; but as light increases in shallower water, an opposite 
effect takes place, namely, an iiirest of the elongation sets in. 
Growth, however, continues, and this can only find relief in 
some lateral expanaioa In many cases tlds takes the form 
of an elliptical blade, as in Potamogefon natam, &c, ; but if 
the lateral growth is more limited in extent, it appears as 
slight bulgings, which give rise to the hastate form. By 
increased lateral growth it passes into the sagittate, the points 
necessarily turning downwards, as upward growth would be 
checked, just as the central terminal growth is, by light. Two 
illustrative cases support the above view. M. Costautin 
describes an instance in which the hastate form of Saffittaria 
was just commencing to be formed, when the water in which 
it was growing became suddenly deepened. The leaf con- 
tinued to grow, but now recommenced elongating its apex as 
before, when it was solely ribbon-like.^ A specimen in my 
own coUection has a hastate blade, hut all three points are 
ribbon- like and elongated. 

ITie conclusion appears inevitable that these above-described 
forms are produced in response to the conditions of an in- 
creasing amount of lights which acts in an arresting way upon 
the plant as the leaves are developed nearer and nearer to the 
surface. 

' For further details the reader is referred to the papur " On the Origin 
of Kndogeas" [mpra, p. 149). 

' Etildft lur lei FeuUltt dea Flanlet aqwUiques. Jnn, det Sci, iVaf., 
S^r. 7, torn. iii. PI, .. fig. 37. 
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Hereditary influences now come into play ; for the ultima! 
lomis of the leaves of aquatic plants hegin to be foreBhadowed 
in the hml at the bottom of the water in anticipation of the 
conditiona to which tliey will be respectively suitable. This 
may be well seen, e.g., by growing Ranunculus keterophyllus 
in a bowl of water. After producing the submerged dissected 
leaves, the floating form ia developed below, and the petioles 
elongate more or less according to the depth of the water till 
the blades reach and float on the surface. So strong is this 
hereditary force, that when seeds of this plant are sown in earth, 
the plant still pursues the same course, developing a certain, 
number of dissected leaves, but anatomically of the aerial typ^' 
and subsequently leaves of the floating type, su^estive of am' 
" instinct at fault." The whole plunt, however, ia nov 
jierfect adaptation to its terrestrial and aerial environment, 

Just as the leaves of Ranunculus heterophyUus can be thi 
altered at will, so, as remarked in the case of S. 
sudden elevation of the water will change the form of a 
developing leaf at once. Thus, not only, as described, if an 
arrow-headed leaf is in course of development and be suddenly 
made to grow in deeper water, the " arrow " becomes elongated 
or " linear-sagittate," but at the same time the following leaves, 
which would have been sagittate, now remain spathnlate. A per- 
manent increase in the depth of water, therefore, induces a 
retrogression in the development. 

It may be added that any cause which arrests the vigour of 
a plant may bring about a similar retrogression; thus if the 
differentiated leaves of Alisma be cut away, the subsequent 
leaves are ribbon-like. 

There are other anatomical details due to the aquatic medium, 
such as the reduction of hair on submerged leaves of Epilobiurn. 
hitBtdum, Polygonnw, ampkibium, and Ranuncttlus aeris, &c ; 
the arrest of sclerenchymatoua structures and a reduction of the 
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I Supportive system j but as these liaye already been alluded to 
in submerged atema, it need only be added that exactly the 
Bome procedure takes place in submerged leaves. 
With regard to floating leaves, the rounded form is very 
characteristic, aa in the exogeuouB Nijmphosaceas, Cabtmiba, 
LiTiinantliemwn, and in the endogenous Hydrocharis. As these 
plants occur in widely different orders of Phanerogams, one 
I would on a priori grounds infer that the form was in some 

^^^1 way in adaptation to their environment IS'ow we are in- 
^^^H-debted to iVtr. W. P. Uiern for having investigated this 
^^^^Fmatter mathematically, and he has arrived at the conclusion 
^^^^ that, on the suppoaitiou tliat " the marginal vigour of growth 
ia the same at all points," — a reasonable one, aa the margin 
develops symmetrically and forms an approximate circle, — 
the leaf develops in adaptation to the strains to which it is 
submitted in running water. Mr. Hiern adds the following 
Tsmark, which ia quite in keeping with other phenomena in 
plants ; — " It is a tenable hypothesis, and by no means im- 
probable, that during much or moat of the time when actual 
growth is taking p!a<;e, and when the velocity of the current 
^^H is subject to many and various vicissitudes, the plant has the 
^^^k power of adapting its growing efforts to the circumstances 
^^V just necessary for its development. . . . The theory dis- 
^^^ cusses the forma which floating leaves would find mechani- 
cally suitable for their growth and maintenance, in order that 
they might dwell free from unnecessary strains and wrenches, 
^^H and under an equal distribution of their power of growth, 
^^b which, as we know, is capable of exerting considerable force 
^^H .under compulsion, but is in general slow and steady." ^ 
^^H Everything tends to support Mr. Hiem's view ; and I think 

^^^B ' "A Theory uf the Forms of Fluating Ltiaves iti uertain Plante," by W. P. 
^^H Hiern, M.A. Proc. of the Cum. PKU.. Soc., October 1872, Jdnraon (Ber. 
^^^H d. ileiil. Bot. Gci., i. iH'^j) has observed Chat the direction of growth of 
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that we moiy add that the varieties of dissected foliage i 
SanuTieulwi heteropkijllus may be traced to analogous cans 
Thus, while the form flvMana, with long parallel segmenta, $ 
characteristic of rapid streams, R. drcinaias, with circuit 
arranged eegments, frequents still waters. 

CHARACTERiaTIO FeATDKES AND AdAPTATIOSB OF AtJUATIC 

LkavbSi— Plants which have their leaves normally either all 
suhmerged or with eome floating, exhibit quite as marked 
peculiarities, both morphologically and histologically, in these 
oi^Ds as in stems and roots. 

They take generally, as described above, one of two forms when 
growing entirely below the surface ; they are either ribbon-like 
or finely dissected. The former prevails in Endogens, the latter 
in Exogens ; though the submerged leaves of Htppuris, Lobelia 
Dorimanna, and some others, resemble the endogenous type. 

My contention is that all the forma of submerged leaves, as 
well as the floating, are the direct outcome of the conditions 
under which they grow. 

I propose making a brief resume, as before, from M. 
Costuntin's paper,' and then supplementing it with ray own 
and others' observations, 

I, Ribbon-like Leaves.— These are met with in the greater 
part of endogenous aquatic plants. Under the action of water 
these leaves elongate to a much greater length than do the 
leaves in air. Thus M. Costantin shows by figures how the 

pUnt-orgnne n nffected wlieii thcf ;ire exposed to the influence of a cumnt 
of water ; he designates the induced phentiinenon by the term Skeolrepitm. 
VineB, "rhys. o( Plants," p. 473. See also Behreus, Jakivab. Nai. Qu., 
Elberfeld. 1880; Koamos, vii. (iSSo), pp. 466-471. 

See also (Hitervnticna tur Ut CondUiom de IMceljyppement dei FtttiUri 
lut'jeantet. Am. tr. pour I' An. da ScL, 1881, Cangf-is d' Alger, BaU. tie la 
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p. 225- 



' Elttda lur lei FeaSlei del Ptanta agvatiguei. Ann, da Set. Nat, 
S^r. 7, 1886, torn, iit. p. 94. 
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leaves of Sagittaria when deeply submerged can rea«h more 
than six feet in length. They can, however, be developed 
in air, when, instead of being long, soft, and flexible, they 
are abort, firm, and erect, though still retaining the ribbon, 
like form. The same fact may be noticed in Seirpug laatslrii 
and Spar<ianiwn minimum. In the case of Hippiiris, M. 
Costantin changed the form at will by transplanting an 
aquatic plant on to land and eiee versA : all the leaves pro- 
duced under water were long, undulated, and delicate ; whereas 
those in air were short, erect, and firm. 

2. Capillary Leaves. — Many obaervers have recorded the 
fact, that while the capillary form is characteristic of the 
submerged leaves of Exogens, as of Ranunculus keterophylhis 
and others, when the shoots roach the aii, or the water dries 
up and the plants become terrestrial, the now leaves generally 
remain capillary, but are altered considerably both in form 
and structure. Thus the segments become leas numerous in 
the air, and the ramifications are shorter, broader, and tliicker. 
A transverse section shows an oval outUne, whereas that of 
an aquatic segment is circular. Nature frequently performs 
this experiment, whUe several botanists as well as myself ^ 

' I collected seeds from a form very near R. Bawdotii, Glood., growing 
In Ehalluw laio-water pools in tho rocks in Malta. They grew in watur 
to much larger plantn in England, and more like our typical R keUroph'/llui, 
daring the summer of 1894. But frnm having been annuals in Malta — 
as the pools are always dried ap by August — my plants have aasamed 
the character of " perennial b," and are still fluurisliing (FcU g, 1895}, 
having been frozen over more than once. A curiuu.* alteration has taken 
place in the form of the " floating " leavt^e. Id Malta they are cnneate at 
the base, with a rounded but crenated margin on the distal end. They 
are now all deeply pinnatiGd, with flat, ribbon-like segments. Moreover, 
they urn more iaclined to be partially or entirely under water, but dose 

Mu^ lOlh The typical floating form has reappeared, but is larger than 

Malta. 



have raised terteatrial plants from seed coUected from aquatiq 
plants, wlion the saioe plienomena appear,' In my own caa^ .^ 
the plants, after producing a certain number of dissected leaves 
of the aSrial type, developed others of the Boating form, 
although it was in air. The stomata were aa usual on the 
upper side, but a few made their appearance below. 

In this case was seen very neatly the influences of the 
environment in combination with heredity ; for by transferring 
plants backwards and forwards from water to air and vice 
versA, the previously formed dissected leaves perished in both 
cases, while new ones were always and at once formed in 
adaptation to the new environment respectively. 

Myric^hyllum * furnishes similar phenomena, as I have 
myself proved. M. Costantin adds a third illustration in 
CEnanihe Phellandrium. The aerial leaves of this plant are 
very much dissected, but their structure remains firm, and 
their tint a pronounced green. The aquatic leaves ate, on 
the contrary, very thin, and of a pale green colour ; ' the 
simple dentitions of the aerial leaf become deep incisions, 
and the teeth of the filaments fine and narrow ui the aquatic 

3. Leaves with a Large and Thin Idmh. — Such are the sub- 
merged leaves of Nup/iar luteum. These leaves are often 
at the exterior of the plant, and are of slight thickness and 
remarkably translucent ; the colour is of a bright green, and 



' M, Aakeiiay {Bot. Zeil., 1S70) made plants germinate. JI. Met 
{BulL dc la Sac. Bot., iSSo, p. 50) verified the experiment. 

» Obaervad by M. Suheiick, Die Biotogie dtr H'oiici--(?nMflA«, 1885, 
p. 22. 

* Hooker obaervea a "imilar difference between the aquatic and ternia- 
trial npecieB of Myosollt (" Student's Flura "). Plants uf Raauntidui acrit 
raiBed from seed in water «how similar differencee, varying only in degree 
from thoee raised on land. 
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fttieii' feeble consistence allows tliem to wave geutly in the 
twater. PotamogetoH lacens is a similar type.' 

, Intermadiate Caees. — M. Coatantin observes that the 
Krtudy of some of the Pododemaeem seems to justify the 
l;J)receding views. One can infer from a compatison of the 
certain species of this strange family 
f how successive transformations have occurred from an entire 
dissected leaf. He illustrates a leaf of Mourera 
tuvialilie in which the margin is partially dissected. It is 
■ihin and transparent, being cut at the periphery, as if one 
remoTed all the tissue which is between the ex- 
le ends of the veins. From this stage one can pass 
KdiTOUgh other species to those in a completely capillary con- 
Sition.^ 

. In Endogens an analogous arrest of intra-fascieular paren- 

Siyma is seen in Ouvirandra fenettralis, and in a less degree 

e submerged leaves of species of Potaniogeton. 

Seveial observers have noted what I have found to be the 

laee with Ranuneulus heterophylbis — that aerial leaves perish 

I tinder water, and aquatic leaves perish in air. Thus, M. Bozer * 

I records this as occurring with Nuphar luieain, while M. Mer * 

I Bup]jly ample material for proving the effiKt of water, 
I have not slludetl much ti> Cty^ti\^axra. An interesting caau, however, 
has been described by K. Giesenhagen in a. paper Uebtr hygraphUt Fame 
(Flora, 1892, p. 157)1 in whith Atjieniiiin ahUaifoliifat, L., var, aquaiievm, 
ie menlioiipd lu more or lena apprnxiniatlng the HymtnophyUauerc ; thereb; 
indicating Vbf probability that the sn-called " tilmy ferna " owe their 
simplicity to degradation from a similar cause. 

- I wnuld refer the reader to Profeasor Eug. Warming's trcatiae on 
tha /".irfortoinooeiB (pabliahed 1881, 1S82, 1888, and completed in 1891, with 
IS plates and illnstratione in the text) for further details on the 
r-Kmarkable Htnictuce of the plants of this family. 

* Flore de la CSte-d'Or, Nymphiaxiei. 

* Dct £ffiti de I'Eau sav la FeuUUi aqwUiqvet. D«U. de la So-. Bat. de 

■., 187S. v-Sg. 
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luiJa thut tlie aainu jikut haa coriaceoua leaves when they 
stand out complotely into the air. 

These differences do not always occur on the same plant, 
for some species appear to have become permiinently sub- 
merged, and can only live entirely under water. Thus I 
found that Itanunatlns circinafus and Elodea canadensis are 
in this condition ; and, to judge from their appearance, it is 
probable that the Podostomacew, like many Alg(p^ have 
arrived at this advanced stage of degradation, so that they 
cannot resist the slightest desiccation without fatal injury. 

The rapid adaptation to a new medium is well seen 
when a half-formed floating leaf is submerged ; for it is at 
once arrested, and then begins to teadapt itself to water. 
This may be readily seen in Rantinculus heterophylius and 
S'lgitiaria, as already described. An analogous case occurs 
in the leaves of CalUtriclie, in which submerged leaves tend 
to assume the ribbon-like form, the atrial being ovaL 

These experiments show that when a leaf is quite adult, 
the change of environment kills it ; but when it is in course 
of its development, it can then change its adaptation and fit 
itself for the new environment. 

M. Mer is another botanist who has studied the structure 
of aquatic plants.' 

In the firat paper referred to below, he gives a minute 
description of the morpholep and anatomy of the leaves of 
Ranunadua aquaiilis {heterophylluB) and Littorella laeusiris 
when growing on land and in water, as well as of the sub- 



1 Dti Modijieatiimt dt Forme tt de Strveliirt- que mbitfnt la Plantet 
mivant qu'ellei vigitent /iVAirou sous I'Eau. SalL de la Soc. Sat. de Fr., 
1880, p. 50. 

Det Cautei qui taodifitnt la Structure de «crluinf« Plaatei agwitiq\ia 
vig&anl done I'Eau. BvR. de la Soc. Sot. dc Ft., 1880, p. 194. See also 
his later contiibuliiHiB in subeequent je:ini. 
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rged and floating leaves of Potamogeion natana. HaviDg 
' examined several plants in the two conditions, he was enaitled 
to sunimariae thn differences aa follows ; — -The stems, petioles, 
and sessile leaves of aquatic forms are generally of greater 
length, the breadth being sometimos greater (X. lacwstris, 
Garex ampvitacea), sometimes less (ii. aquatUis, R. Jlammula, 
Caililridie, ScirjilM). The chlorophyllous cells are less 
abundant and the grains fewer in quantity. The fibro- 
vascular cords are less developed. The vessels are less 
, their dimensions narrower, their walls more deli- 
The epidermal cells are more elongated, and witli recti- 
r outlines, and the walls are tliinner. Stomata and hairs 

3 rare. In some species, as R. aijuatilis and MyriophyUum 
ilterni/lonim, the differences in the form of the leaves are 
1 more pronounced. Not only do they become shorter 
4rlien developed in air, but they are flatter and tend to 
' develop a lamina. The dimensions of the limb of the aquatic 
form are more slender, till they nearly disapiicar, as in Poiamo- 
geton natans. 

M. Mer has also noticed a very close correspondence be- 
tween submei^ed organs and those of terrestrial plants grow- 
ing in places more or loss devoid of light, or etiolated. This 
is seen in the elongation of the stems and in the ribbon- 
like leaves of submerged Endogens. These are really phyUodes, 
When MyriophyUum develops dissected leaves in air, they 
exactly correspond with those of Ranuncu/us aquafilis ; but 
when the plants were subsequently placed in weak light, 
the newly developed branches and leaves became intermediate 
in character between those of aerial and aquatic forms. The 
plants had thus three different structures on the same 
branches, 

When aquatic and terrestrial forms were grown under a 
bell-glass in light, the new shoots of the acirial parts approxi- 
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mated tlie aquatic, and those of the aquatic now growing in 
air approximated tlie aiirial in form. Both forms approached 
the usual results of etiolation, 

M, Mer explains these results as follows ; — The elongatioa 
of the axis and petioles in obscurity, with an arrest of blades, 
is attributed to the former using up the materials intended 
for the latter ; while in the blades the colls develop less 
chlorophyll, consequently transpiration and assimilation are 
both checked. If one holds under water a young floating 
leaf of R. agucUilia, the development of the limb is at once 
checked, — ^just as M. Costantin proved in the case of Sagii- 
taria, — while that of the petiole is increased, and it elongates 
immoderately. 

CouTersoly, as soon as the limb comes to the surface it 
enlarges, and the petiole ceases to grow. 

If one suppresses the limb, the petiole elongates less vigo- 
rously, and stops when it has consumed the starch which it 
enclosed. The limb is then necessary to draw this substance 
into the petiole, but it only uses it completely itself when it 
is subject to a sufficient transpiration.' 

M. Mer thus writes on the eflects of etiolation ; ^ — 

" The inferior internodea and petioles become longer, because 
tlieir tissues are subject to less tension than in the light. 
The limbs and the superior internodes are shorter at first, 
because the petioles and the internodes (inferior) obtain 
nourishment which is always limited ; because subsequently 
the limbs, in the absence of light, only possess a feeble attrac- 
tive power for water and plastic matters ; and finally, because 
they cannot acquire their normal dimensions when they do 
not assimilate." 



•r lei Anamalici dc Diiacixtinn dei Eatre-iKeude ct dti 
ir M. Einilp Mer. BvU. lie in Soc. Boi. lU Ft., 1875, p. 19a 



« can be accounted for the elongation of leaves witli 
Aort petiolea in diirkneBs. 

Experimeuta with ordinary terrestrial plants when cultivated 
in water exhibit analogous features. Thus M. Costantin 
grew several species, as Mcdieago minima, Ljjsimaehia num- 
midaria, &c., under water. In all cases the effect is that the 
blades of the leaves are smaller than those in air. They are 
much thinner and more translucent than are the aiirial 
leaves. 

A study of the anatomical structure of closely related 
plants, such as grasses, in connection with their environment, 
has been made by Pfitzer,^ and referred to by De Eary,^ who 
recommends a careful investigation aa to the " finer gradations 
of the distribution [of stomata, to see how far they] are 
directly caused by the mode of life and condition of vegeta- 
tion." He continues: " Plitzer has obtained the following 
result for a large number of indigenous grasses : that for these 
plants the numher and distribution of the air-pores, together 
with the form of the surface and internal structure of the 
whole leaf, stand pretty generally in definite relation to the 
wetness of the locality." He then enumerates the differences 
obtaining in several species, grasses of wet localities having 
flat blades and stomata equally numerous on both sides. On 
the other hand, as described above, almost all grasses in- 
habiting very dry localities, the blades have longitudinal 
furrows, the stomata being within the furrows, and mainly on 
the upper aide, 3 

Since the preceding was penned, a note by M. Oger* has 
appeared which thoroughly accords with the conclusions at 
which I have arrived. He grew the following plants in a wet 
soil and the same species in a dry one, other conditions being 



' Prinyheims Jakrh,, vi 
• Sub Fupra, p. 6i. 



' Comp. Annt., &c., p. 50. 

' Compta Heiidui, civ. p. 525. 
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equal ; — Lampaana cmnmunig, Sonehits agper, S, olei-aceus, Mer- 
curialia annua, CJienopodium album, Balnamina hmiemiiK, 
Impatiens glanduligeva, and Scrophviaria aquatiea. He found 
tliat the plants growing in the moist soil not only became more 
luxuriant, throwing out more branches, &c., but their forms 
changed. Thus the later-formed leaves were more elongated 
and lanceolate in shape, while the lower or firstformed leaves 
changed leas. This, it may be observed, agrees with Ranuneu' 
lug flammtila when grown from seed. The lirst leaves are 
cordate (hinting, perhaps, at an ancestral floating condition), but 
the subsequent ones in my cultivations were linear-lanceolate. 

The internal structure of the stems changed in correlation 
with the morphological ones, in that the epidermis had the 
external widle lees thick than is the case with plants growing 
in a very dry soil ; and although the cortex did not differ 
much in thickness, M. Oger found that the central cylinder 
increased in diameter, as well as the central lacuna; for he 
found that the number of fihro-vaacular bundles increased in 
quantity, while the diameter of the vessels was greater. The 
medullary sclerenehyma, when it existe, was found to bo 
especially developed around the primary bundles. This seems 
to correspond with what commonly obtains in many endo- 
genous stems. M. Oger concludes his note by observing that 
some of the modifications thus obtained agree with anatomical 
differences resembling those which one uses for claasificatory 
purposes. One can thus obtain experimentally, he says, by 
means of humidity of the soU, in a given species modifications 
of structure of the same kind, though less pronounced, as 
those which serve to characterise allied species, some being 
adapted to a dry soil, others to a moist one. 

CosoLnsiON. — It would only weary the reader to multiply 
cases of adaptation in amphibious and aquatic plants, for the 
phenomena are the same in all- Enough has been said to 
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prove bj umumerabls and invariable coincidenGes the existence 
of an adaptive or responsive power in plants ; while the ex- 
perimental evidence is conclusive. Degrees of degeneracy are 
seen to exist in different plants, which prove the corresponding 
existence of degrees in the reduced power of adaptation ; as, 
e.g., I have shown to be the case with Eantinculus eircinatus 
and Elodea canadensis. From these we may at once conclude 
that the curious and extreme forms and greatly degraded state 
of the tissues found in the PodostemacecB are simply the reaulta 
of excessive aquatic degeneration. The fact that they mimic 
Lichens, Mosses, Hepaticfe, and Algae affords the additional 
evidence that the form and structure of the leaves or thallue of 
these plants are equally the results of adaptation to a watery 
or moist hahitat 

Prof. Eug. Warming, besides coming to the same conclusion 
that the vegetative structure of the members of the Podoste- 
macefB has been modified by the aquatic habit, has noticed 
that the young shoots have a dorsi-ventrol structure. Such 
strongly appears to indicate an ancestral terrestrial life. 

As bearing upon this subject, I may refer here to a paper by 
Mr. G. Maasee,^ in which he shows that Alffte and Hepaticai 
vary in structure as one passes from deep water to a moist land 
surface. Thus Ddesavria mnguinea and Ulva latiaelma, &c, 
perish aa soon as they are out of water, while Fuci, &c., can 
resist desiccation for a longer period. " Hepaticte form tlie 
tranaition from the aquatic to terrestrial vegetation, and it is 
in this family that we meet with marked modifications of 
stracture, for the purpose of enabling the plants to exist under 
conditions so far removed from those in which tlieir progenitors 
flourished." 

As, however, we do not know anything about the ancestors 

^ On the Priunry Causes o( Yarietj in I'luut Struutore. NalwiUist, 
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of existing sea-weeds, nor of those low-formed land plants, 
and how they aroao, it would, I think, be as well, in specu- 
lating upon their evolutionary history, not to foi^et that the 
analogiea BuppKed by existing aquatic phanerogams, and especi- 
ally by the Podoetmiacex, would seem to indicate the possi- 
bility of Algce being degradations from higher plants which 
were perhaps terrestrial, instead of their being the forerunners 
of the HejpaiiaB, Musei, &c. 

This observation applies, I believe, equally well to Endogens ; 
for this group I take to have OTiginateil (as I have endeavoured 
to prove elsewhere ') from some early types of Esogens through 
an aquatic habit of life. The reader will perceive that the 
details of aquatic plants given in the present chapter, as well 
as those in the paper referred to below, are to a large extent 
generally applicable not only to existing aquatic endogenous 
plants, b\it to those which are now permanently terrestrial 
of that class. I^-istly, the reader will bear in mind that 
clasaificatory characters, to a very large extent, have been 
based upon the forms of those organs of plants which we 
have here seen to have been developed solely by response 
to an aquatic medium. Darwinians will also observe that 
in no case are there any wasted, injurious, or ill-adapted 
variations ; but that water induces all plants to vary alike, and 
to do so at once in harmony with itself. Natural selection, 
therefore, has no raimn d'Stre whatever. 
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CHAPTER IX 



ORIGIN OF SOBTEERANEAN STRUCTURES 
(^Eonts and Stems) 

' Intbbchangb between Roots and Stems, — That roots and 
stems aia structures differentiated from a common and fundS' 
mentally identical type, is obvious from such facts as the 
following: — -Every detail in the histological elements of the 
two structures can, speaking generally, be paralleled one with 
another, allowing for the total arrest of one or more elements 
in certain cases. Stems can form roots when placed in the 
same conditions in which roots are formed, viz,, darkness and 
moiHtuTG. Aerial roots can take on the functions of stems, 
and true roots formed underground can become stems and 
branches when exposed to ait and light. 

Now the fact I wish to emphasise is, that these differences 
between stems and roots are, as a rule, the direct results of 
the aerial and subterranean conditions of their normal exist- 
ence respectively ; and that when a subterranean root he- 
comes superficial or aerial, it at once tends to approximate 
the character of a stem ; and if a normally aerial stem is 
made to grow underground, it in turn tends to acquire the 
characters of a true root. Not only does Nature often supply 
us with illustrations of these changes, but experiments dis- 
tinctly verify the supposition. Thus, for example,' an old 

' This occiirreH in the garden of the Vicsmgu at Ealing. 
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acacia with a decaying trunk sent duwn an aerial root from 
the living part, about sis feet from tho grouud. When it 
had been rooted in the soil for some time, it became detached 
above by the wind; the root then became a "Bteni," the 
upper part putting out foUage. This ia quite analogous to 
the numerous roots of the banyan, which are to all in- 
tents and purpoBOB equivalent to small trunks surrounding 
the parent tree. 

When the roots of elms, hawthorns, horse-chestnuts, &c., 
get exposed on the sides of hanks, they constantly send out 
a perfect forest of leafy shoots. 

The following experiment, recorded by Dr. Lindley, will 
also illustrate this. A young willow-tree had its crown bent 
down to the ground ; this was covered with earth, and soon 
emitted an abundance of roots. The true roots were then 
carefully removed from the soil and the stem inverted. The 
roots now became branches and emitted buds, and the tree 
grew ever afterwards upside down. 

When the tissues are examined, they are found to alter 
more or less in correlation with their new positions. Thus 
M. Costantin' found that when a root is maintained in the 
light, the thickness of the cortex diminishes, while the 
central cylinder is, on the contrary, more developed; though 
the pith, according to Dr. Lindley,^ may be still deficient 

Exactly the reverse results followed by growing a normally 
aerial stem underground. The endodermic punctations, so 
well marked in subterranean roots, become indistinct when 
they are grown in the air, and this membrane is often unrecog- 
nisable, just as it is in so many stems and branches, <&c. 
Conversely, in the aerial roots of orchids and aroids, the 

' Infiaence du MUUa lur ta Structure analojnique dt la Saeine, BuU.de 
Ji Soc. Bol. <U Pr., xxici. 1884, p. 25. 
' Theory of Horticulture, p. 3;. 
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endoderm is often difficult to detect; but the tUiek-waUed 
layer called the endoderm iu aerial roots of Vanrla, &a., can 
be proved to be audi, for its cells become punctated if tlie 
root be below the soil. AU fibrous tissues are more developed 
in aerial structuree, whether in the central cylinder or the 
cortex, while the lignification is much more pronounced than 
in Bubterranean organa. Since these latter are elements of 
the supportive aystem, they are undoubtedly due to the 
reaponse to strains produced by gravity. 

Conversely, in subterranean stems the fibrous tiasues become 
little developed, and the lignification is feeble. Apart from 
the fact that roots frequently produce shoot-buds when they 
are exposed to light, of course many habitually develop buds 
underground, as plums, poaches, raspberry, Anemone Juponiea, 
and Neottia nidits-avia, as M. Prillieux has shown, the ad- 
ventitioua roots of which develop a rhizome at their extremity, 
which continues to grow and increase in size for a year or more, 
until it is capable of developing a flowering stem. It would 
seem to bo nourished by a fungus living symbiotically with it.* 

Analt^ously with M. Mer'a observations on the points of 
reBemblanco between aquatic stems and etiolated stems, M. 
Rauwenhoff has shown that the structure of etiolated plants 
is very degraded, and that the parenchymatous tissues, especi- 
ally the cortex, takes an increased growth. Roots in darkness 
grow in exactly the same manner. The parenchymatous tiasues 
of the root ac<juire great development, and the thickness of 
the cortex becomes much greater. He obaervea also that if 
there is a reduction of transpiration to which one can attribute 
this kind of turgescence of the parenchymatous tiasues, the 
same cause ought to produce the same efiect in a root as 
in a stem ; and this is precisely what takes place. 

' De In Stractm-e aiuiiomique el du i/orie lU Vig^tation du Nenitin 
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Ordinary subterranean roots of herbaceous i>]anta can osBum^ I 
morphologically and physiologically at least, two well-marked 
differentiations. The one consiets of fibrous roots of various 
forms, which are adapted as absorbents of water, mineral and 
other matters. The others are swollen, and mostly of a fleshjrj 
character, which act generally as reservoirs of nutriment ; momfl 
rarely of water, na in some desert plants {Erodium, species),* 
That both kinds of roots have been formed under the con-f 
ditions of the environment, and have subsequently become -I 
hereditary characters, is borne out partly by analogy, 
partly by the fact that, on the one hand, fibrous roots con \ 
easily induced to form when a suitable inciting euvironmBaH 
is provided, and on the other, that a fleshy character ] 
been artificially produced by converting wild forms into hyj 
trophied culinary vegetables, as will be further described. 

Thb Origin of Tuberous Kootb.— Many plants have i 
cicled roots, consisting of a mixture of flna fibrous 
absorbing roots and others of a thick and more or less 
nature, which act as reservoirs of organised food-materiaL 
Haiiuticubts Ficaria will be a familiar example, 
peculiarity is not at all uncommon in other species, 
there are several in Malta which remain dormant for man]| 
months characterised by great heat and drought, and i 
provided with them. In these and other cases the app« 
ance of tuberous roots is normal, constant, and c 
nised as a specific character. 

In other cases they appear and disappear g 
bulb according to circumstances. They thus afford anotb^ 
instance to the many alluded to of a structure being formed 
in direct response to environmental conditions, but becoming 
a permanent character when those conditions are perpetuatei 
An interesting paper on this subject by M. Lucien Dani 
shows how roots which are called psatdorMaes diiud/on 
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can appear on several monocotryledonouB bulbs under certain 
conditiojia, in which more nutritive materials are in the plant 
than it can utilise at the time. From his experiments the 
concluaion he arrived at ia expressed as follows 1 — " Le 
eystome des pseuilorhizcs dauciformes est un syst^me com- 
pensateur tranaitoite qui se d^veloppe progreasivement Buivant 
lea besoiua da la plante, dha que, pour une cause quelcoaque 
interne ou externe, la nutrition g^uSrale se trouve entravie." ' 

The Obioin of Annual and Bibnkiai. Roots. — Roots also 
diHer in regard to duration ; while fibrous roots may be 
perennial, tliough the short actually abaorbiug portion may 
scKin cease to absorb, the others only last foi one season. 

The result is that this feature ia often regarded aa a 
specific character, aa shown by the names Bellis or Mercurialis 
perennis, and B. or M. anima, jEiiolhera btejinis, &c. Now 
with regard to biennials the question arises, how has the 
tap-root acquired its sufliciently enlarged size to enable a plant 
to live through one seaaon on into tlie next! 

Under cultivation biennial roots of course acquire a much 
larger size and more fleshy character than in the wild state ; 
and although some of our "roots" are naturally biennials, 
lite celery and parsnip, yet the carrot ia naturally annual ; 
and so is Kuphamts Kapluinielrum, which ia at least ofie origin 
of the radish. On the other hand, beet-root, Beta vulgarU, 
is a peremiial when wild, but appears to have the habit of a 
biennial when cultivated aa mangold- wurzel. 

In the case of these cultivated roota, the cause of their 
hypectrophied condition is of course artificial nutriment in 
addition to plenty of water ; and when one compares annuals, 
with their slender tap-roots, with such biennials into which 
they have passed, one cannot but infer that the enormous 

' Ben, Oin, dc But., voL iil. p. 45S. 
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difference has arisen by the influencos of the external e 

ment ; that is, hypeitiopby is an acquired character, whicl^ 

has become hereditary, for they are all now propagated hfM 

seed. 

But in additiun, we are familiar with the fact that the 
annual, biennial, and perennial conditions are extremely 
unstable. Not only is many a plant variable in nature, 
and therefore recorded in systematic works as " annual or 
biennial," "biennial or perennial j" but we know thafc.l 
climatal conditions change many plants, as I have had:fl 
already more than one occasion to show. Thus annuala;! 
in low latitudes and on plains may become perennials at high] 
latitudes and altitudes. On the other hand, inci'ease of temper^^ 
ture tends to prolong growth, so that while the castor-oil ib^ 
an annual in England, it forms a tall tree in Malta. This ii 
analogous to the fact that deciduous shrubs and trees her^.n 
sometimes become evergreen in the East, as the honeysuckls'M 
in Malta, while vines in Cairo scarcely shed their leave 
in winter. 

Whatever tends to check the reproductive system, or, C 
the other hand, to prolong the vegetative, may thus brii 
about an alteration in the periods of development of thw 
various organs. Thus, mignonette can readily be i 
into a small perennial tree by suppressing the flower-buds H 
it baa attained a woody trunk and a considerable beightJ 
while it spontaneously Ijeeomes perennial in Tasma 

All these facts are of course well known, but the point 1 
wish to urge is, that when an annual has been converted i 
a biennial, Iken this "habit" may become hereditary, jus 
much as a hyperfcrophied condition of the root. That i 
say, whUe the power to become hypertrophied is common t 
all roots aa far as we know, ike predispogitton 
nourishment becomes established and horeditnry. 
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11 TTow, aa wo can nrtifioially make n iilant acquire this pre- 
ispoaition, we ore thereby justified in concluding that plants 
naturally constituted with fleshy roots have acquired this same 
peculiarity in some analogous manner, which is now hereditary. 
Hence we may safely conclude that it was the environment 
which established the biennial root of j^nothera, the adventi- 
tiously swollen roots of peonies and dahlias, and of some 
UwhellifercE, as well as the "root-tubers" of aconite and terres- 
trial orchids. All these are traceable to some external cause 
which induced storage instead ol floicering. 

EXFBRIUBNTAL IlLITBTBATIONS OF THH OrIGIN OV CdLTIVATBD 

Roots, — I will now give two or three cases to illustrate and 
sabstantiate the preceding remarks. 

M. Vilmorin's experiments iu raising carrots illustrate both 
the change of duration from annual to biennial, and the 
hereditary predisposition to hypertrophy j for the carrot, or 
Dauctts Carota, is naturally an annual and slender rooted, but 
the garden carrot produced from it is a biennial and rapidly 
grows to a relatively large size. 

Now the first important requirement is that the flowering 
process should be delayed, so that the vegetative energy may 
be spent in enlarging the root instead of flowering — in fact, 
that the plant should become a biennial. In order to secure 
this end, M. Vilmorin noticed that the seeds showed very 
different rates of germination ; some sprang up at once, others 
later, and indeed all through the siimmer. Amongst the tardy 
plants several never flowered the first season. These roots 
were selected nnd re-p!anted in the following spring. In the 
aommer they bore seed, which was re-sown in 1835, Of this 
second generation, the proportion of plants which Dowered 
was much less than in the first season, and about fifteen 
had fairly good roots. In 1837 the third generation showed 
a very appreciable amelioration, several being very large and 
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fleshy. Only one-tonth now flowered in thut year 

he raised the fourth generation. The quality was again 

improved, and scarcely any flowered. 

Hence a garden biennial had been raised from a wild annual 
in four generations, solely by selecting the originally lat 
germinating seedlings. 

As another illustration I would refer to M. Carriere's expeii-' 
ments ; ^ for he raised both tlie long and short or turnip- 
rooted varieties from the same batch of seed from the wild 
Rapltamis Raplianislrum, by growing them in a light aiid 
stiiF soil respectively. He thus describes his experiment : — 
" Pour donner k notre exp^riencej poursuivie pendant oinq^ 
annies consictitivea, une certitude plus grande, et la revetir 
d'uii cachet plus fort de viracM, nous avons experiments 
concurremmeut daiis deux cooditiuns difl"6rente3 — k Paris, dans 
le sol Uger et sec dos p^pinierea du Museum, et a la campagne 
dans un terrain plus consistant, dans une terro ai^o-calcaire, 
furle comme I'oa dit. Dans ces deux conditions, lea rfeultats 
ont ete ce qu'ils dovaient ^tre — analogues, mais non ideiitiquee, 
A Paris, la forme longue dominait ; c'Stait mSme ^ peu pria 
la seulo. A la campagne, c'^tait le contraire. De plus, taudia 
qu'h Paris nous n'ohtenions que des racines blanches ou roses, 
k la campagne nous recoltions en outre des racines violettes 
ct des racines brunes trSs foncSes, prosque noires, assez analogues 
au uavet dit d'Alsaee, ainsj que d'autres de toutes lea amleura 
et de toutes les formes possibles." 

M. CarriJire then gives comparative diagnoses of the wild 
and cultivated forms of the some plant. Of the roots he 
says, first of the wild plant — '* Racines filiformes, sSches, 
fihreuses, uniformea, toujoura blanches, dures, subligneuses, 
non niangeablea," 
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(With re-gard to the new fomia raised he says — " Ilacines 
)S8e8, parfaia enormes de fonue et do couleurs tr^ varices, 
ehamuea ; chair blanche, porfoia jaimStre ou roa^e, quelquefois 
violette, succulente ct bonno ii maiigei." 

The author then figures several varieties of the ameliorated 
forms, as well aa the wild original type for comparison. 

In this experiment we have it shown that the two types of 
rooto, the long and the turnip, were directly due to the two 
difierent characters of the soil ; that where the soil was loose 
and easily penetrable, the tap-root descended readily and pro- 
duced the elongated root. When the medium offered more 
resistance, then the toot became arrested and swelled laterally 
into the turbinate form. Then, by selecting from such aa 
these, hereditary races have been established. 

This result of M. Carriere's has been corroborated hy M. 
I^nguet de Sivry, who found " that seeds of short-rooted 
carrot, when sown in a particular soil, in the alluvial deposits 
formed by a small river in France, yielded immediately, during 
the first generation, a number of long-rooted plants, either 
white or yellow, whose roots were very much larger than thiwe 
of the parent plants. The seeds of the best or less deformed 
plants were selected, and sown in the same soil. The result 
was that in the second generation hardly any roots were found 
of the short type, and most were exactly similar to the common 
wild form."' 

Pliny records a similar result as known in his day, for 
he says the Greeks have found how to obtain the " male " 
root — I.e., the turnip form — from the " female " or long radish, 
hy growing it in a cloggy soil, Eoth forms are, of course, now 
hereditary by seed. 

The late Mr. James Buckman, Professor of Natural History at 

' Exjicrirnifntal EvoIuUod, by H. de Varigny, qmitiii;i from SaeiitS 
RogaU ct Oentride tTAyruiiillitre, Sic. 2, vol. ii. 1S46-7, p. 539. 
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the Royal College of Agriculture, Cirencester, 
very similar experimeuta with carrots and paranipa, com- 
mencing in the year 1847, In 1850 lie had succeeded in 
raising three distinct types of parsnip from wild seed, 
describes them as follows ; ^ — 

tst. The round-topped long root, having a resemblance 1 
the Guernsey parsnip {PaitaU long of the French), 

2nd. The hollow-crowned long root, " Hollow-headed " of the 
gardeners (Panau LUlonaig type). 

3rd. The short, thick, turnip-ahaped root, " Turnip-rooted " of 
the gardeners {Panais rond form). 

He finally continued his experiment only with the hollow 
crowned form, which he called "The Student." 

Messrs. Sutton & Sons, on receiving seed from Professor 
Euckman, raised it for commercial use in i860, and are still 
issuing it as their "test variety " in 1S95. 

These three cases will suffice to prove that garden races 
of roots now hereditarily true can he easily raised from 
wild seed by cultivating them in a new medium. The anato- 
mical structure of the roots becomes profoundly affected, 
intense hypertrophy of the parenchymatous tissuea and great 
succtilency replacing the tough wiry character of the wild 
plants. 

I made the following experiment to show how easily the 
tissues can he altered in an opposite direction, by preventing 
the plant from rooting at all. Some radish seed of the long- 
rooted kind was sown in a tin tray of about half an inch of 
soil. Under these circumstances the hypocotyl, which grew to 
about an inch in length, was erect above the soil, and not below 
it as usual. The cotyledons soon perished, and the plumule 
formed a few small leaves. The plants, however, lived for 



^ Journ. Hoy. Ayric. ^oc. of Eng, 
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HBveral weeks. On examining the hypocotyl, I found that the 
arrest of growth, waa really due to the incapacity of the plant 
to utilise the starch formed by the leaves; consequently the 
cortex and pith were densely laden with it. Secondly, as the 
hypocotyl was now in the air, supportive tissues ware necessary 
and had to be formed to meet the strain of gravity. Scleren- 
chyma occurred on the inner side of the fibro-vaacular bundles, 
and wood fibres were made, as well as a zone of collenchyma 
by the pericycle in addition. 

This little experiment proved how readily the plant responds 
to its neceasitiea, and forms special tissues at once to meet 
mechanical strains as required. Similarly we trace back, the 
origin of the biennial state either to some accidental condition 
in the soil, perhaps from being sown too deep, or possibly it 
might have been due to the seeds being poorly supplied with 
food materials. Whatever, however, may have been the cause 
which led to the delay in germinatioii, the important point to 
observe is that the biennial state was easily fixed and made to 
become hereditary. 

Of course, when the tap-root of an annual becomes a fleshy 
biennial, iiiarkeil changes take place in the anatomical structure 
of the toot. " Disorganisation " might well deacriho the effects- 
There is a great increase in the parenchymatous elements of 
the cortex and medulla, the former being mainly due to a 
wonderful and increased activity in the pericycle, aa may ho 
well seen in the radish and beet root ; ' on the other hand, the 
Tascular elements become degenerated. The original cells of 
the vessels become swollen and distorted and irregular in out- 
line ; the cylindrical tubes of the tracheie are thus misshapen, 

' In the raiiinh tlin cortes of the hypocotyl soon splits, and the pericjcle 
thtm foruiB (bx whole of the Buhstquent outer niBBs. In the beet-root the 
pericjclu forma eucceseive layers ol cellular tissue and tracheids Brrutiged 
^Jn oonaentric circles. 
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producing what Mr. H. Spencer called "Absorbents," perhaj 
a better tenn than tracheids, as indicating their function of 
carrying the nourishment stored up in the root to the organs 
ahove^ound ; so that besides the generally enlarged size of 
the root being now hereditary, all these altered details of the 
anatomical structure become hereditary as well. With regard 
to the origin of the cultivated beet, I cannot do better than 
quote the following paragraph verbatim from the Gardena^i 
C/irmide :'' — 

"The following is condensed from Annalea Agyonomii^ 
Beta maritima, which is indigenoiia on the borders of the 
Mediterranean, varies greatly according to its surroundings. 
It is biennial or perennial, never annual, and in habit also 
variable, the atema being often flat on the ground,' while on 
the cliffs of Istria, M. Freyn says that it grows in shrub-like 
form, with erect stems, bearing hardly any resemblance to our 
cultivated beet. But when grown inland, its habit chains, 
and in a few years annual and biennial plants have been pro- 
duced quite similar to the cultivated beet, but readily reverts 
ing to their perennial nature. The result is very different 
when Beta maritima is grown in pots. The plants seed 
directly, are pyramidal in form, and bear ripe fruit early in 
September, being altogether much like the Istrian B. vulgarii', 
var. maritima. Clearly, then, Beta maritima and B. vulgaris, 
var, maritima, are not distinct species, but varieties of the same 
plant, differing oidy according to climatic and cultural con- 
ditions. When we remember that Chenopods in general, and 
cultivated beetroot in particular, are so variable, sometimes 
seeding in the first year, or, again, not flowering the second, or 
becoming shrubby and perennial as in California, it seems 
probable that B. vulgaris, our cultivated beet, is descended as 

" Vol. xi. 3rd Serius, 1892, p. 626. 
' Compare this with other cases described lupra, p. 
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directly from B. maritvma as from B. vulgaris, var. maritima, 
two plants wtich are not apecificaUy distinct. If the influence 
of the salt be also taken into account, it is evident that B. 
maritima is but a maritime form of B. vitlgarig." 

Stems 1 Intehchanoe detwken Stems and Roots. — It has 
been seen above that stems are fundamentally the aania thing 
as roote ; and therefore it is not surprising to find that, as the 
latter can assume enlarged forms for retaining reserve food 
materials, so stems can do the same : and the question arises, 
how have tubers, rhizomes, &c., come into existence, and are 
now characteristic of genera and species of plants ! 

Underground stems, however, are not all tuberous. Many 
creep without being enlarged ; and the further question arises, 
what has brought about this habit of elongating horizontally, as 
in Carex arenaria, Tritirum juncaan, &c., instead of remaining 
short and swelling into tubers, as the potato? 

We shall find that there are very good reasons for believing 
that these habits have primarily arisen through the plants' 
responsiveness to the nature of their subterranean environments 
respectively. 

First let us notice that certain localities are characterised by 
having tuberous or other kinds of perennials in greater abund- 
ance than annuals, as, e.g., arid regions like the Karoo of South 
Africa ; rocky places, like Malta ; Arctic regions, as Spitzbergen, 
which has no annuals at all ; high Alpine regions, whore species 
are perennials which are annuals at lower altitudes. 

Oontraating the structures of perennial plants with annuals, 
the most obvious cause of the difference lies in the excess of 
vegetative vigour over the immediate requirements of the plant 
for growth and reproduction ; so that more materials are assi- 
milated than can he utilised in mere annual growth. This 
excess may bo correlated with a temporary or even permanent 
arrest of the reproductive system, in consequence probably of 
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certain climatic and other conditions. Thua, e.g., 
account for the frequency of the viviparous stat« among Alpin 
grasses ; or, as in the ease of Ranunctdue Ficaria, this speciea 
rarely hears ripe seed in England, hut propagates itself ex- 
tensively hy " root tubers " at the base ; and, as M. Tan 
Tieghem has shown, the pollen is quite arrested when the 
plants propagate by axillary aerial corma. Indeeil, I have 
found plants growing in damp, shady places producing 
no flowers at all, hut an abundance of these structures, 
which contain stored-up nutritive matter. Hence it would 
Beem that we are justified in concluding that the excess or 
diminution of vegetative energy is the measui'e of the pro- 
duction of storage tissue, and the consequent development of 
tubers, &c. 

But this display of vegetative energy is, in turn, dependent 
solely upon climatic conditions ; so that, in considering the 
means of their production, we are driven to the same con- 
clusions as elsewhere — that all kinds of storage structures are 
simply due to the responsive power of the plant, which adapts 
itself to the exigencies of its existence under the environment 
in which it finds itself. When these structures are formed 
repeatedly, they become hereditary features, i.e., so long as the 
environment remains more at less the same; but if chmatic 
and other changes occur, then the habit may relax, and the 
special character may he lost for a time or permanently. Thus, 
e.g., leeks have normally lost the hulb-forming habit of other 
species of onions, which they have in the wild state ; but it 
occasionally returns in cultivation. 

Now, it liBs been seen above that the histological structure 
of roots when growing abnormally in air approximates that of 
aerial stems ; so, conversely, when normally aerial stems are 
made to grow underground, the new structures approximate 
those of subterranean roots. Thus M. Costantin found in 
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esperimeiits witli brambles ^ that there waa a devolopmeut of 
tho cortical parenchyma, and a reduction of liber fibres in the 
subterranean etem, which are due to the influence of tlie 
medium ; while the great develojiment of tho vnecular cords of 
the tubercle and the lignification of the pith are indepeodent. 
He adds that the absence of light is one of the most important 
causes of modifications, which are immediate in all Ha tissues ; 
thus the epidermis is euberified, and a euberotia layer arises at 
the periphery of the cortical tissue. The cortical parenchyma 
augments, the collenohyma disappears, the foldings of the 
cells of the endoderm are visible for a longer time, liber 
fibres are wanting, or but Uttle developed, the libero-ligueoua 
generative layer is less active, the fascicles of wood are less 
developed, and the lignification only produces itself with 
difficulty. The ratio of the thickness of the medulla to that 
of the cortex is smaller than in aerial stems. Lastly, starch 
can be formed and accumulates, especially in the subterranean 

M. Costantin then gives a aummary of the effects. This 
is repeated more fully elsewhere,' whence the following is 
taken. 

1. The modifications are uniform. They can be more or 
less acconling to tho species, and are not contradictory, but 
operate in the same way. 

X. They afi"ect all the tissues. 

3. They are produced rapidly, in a few days, or a week or 
two may suffice. 

He records specific details as follows : — 

I. The epidermis is auborified, 

' EtuHe eomptrie det Tiget airifnnes et lonlerrtma da DwotyUdmia. 
Ana. da Bei. Nat., Mt. 6, 1883, torn. xTi. p. 4. 

" It^htente du Sdjaar tout U Sol lur la Siruelurt otiatomisue da Tiga. 
Siiit dt la See. Bot. de Pr., 18S3, p, 230. 
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2. A BuberoTis layer can be formed. 

3. The cortex increases by tlie increase of the number 
of the volume of the cells of which it la composed. 

4. Tlie ooUenchyma disappears. 

5. Endodetmic punctatious remain a longer time visible 
than in aerial stems. 

6. Liber fibres diminish or disappear. 

7. The generative libero-ligneoua layer is retarded in ite 
development 

8. This last feature corresponds with the feeble developmt 
of the ligneous fascicles. 

g. The development of the medulla, when it takes place, ia 
wealcer than that of the cortex. 

10. Nutritive matters can be stored up in the parenchy- 
matous tissues. 

It may be observed that this last result is particularly 
sigtiiScont, OB it points to the rationale of all subterranean 
storage structures, as well as the use of " earthing up " of 
potatoes. 

M. Chatin has also written upon the peculiar structure of 
rhizomes, and observes that the differences are so great between 
a rhizome and an aerial stem, that the former " is neither stem 
nor root." ' 

Bhizomes, while retaining the essential characters of the 
stem, yet show approximations in many ways to the stnicture 
of roots, as, e.g., in the endoderm or protecting sheath. M. 
Mnngin also calls attention to the features of those stems of 
endogens which produce roots, that they resemble roots in 
1 true endoderm, &c.^ 



1 
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' iSur lei OaracliToi atiatomiquen dei Rhiiamet. Bull, de la Sob. de Fr., 

58, torn. V. p. 39. 

^ Origine tt Inaerlioii da Racinti adventivei. Anrt. da Sci. A'ol., Sdr. 6, 
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I Dr. Vochting' studied experimentally the dnYolopment of 
, especially of the potato, and has thrown much hght 
on the physiological history of these organs. 

He proved that the influence of the surrounding circum- 
stances profoundly alfecta the mode of sprouting of the potato 
tuber. If no water be present, the tubers produce in the 
light short thick green shoots, while those in the dark form 
long thin pale outgrowths. 

To show how the tuber-forming power is not merely heredi- 
tary, but " constitutional " in the system, he made tubers to 
grow in the dark with a minimum supply of water, when new 
tubers were formed in the axils of the branches that arose. 
He also compelled potatoes to produce little axillary tubers 
among the leafy shoots ia Ught, by carefully removing the 
tubers and stolons below the surface of the earth, and hy 
permitting roots only to enter the soil. 

That climate can powerfully affect the growth of the potato 
was witnessed by " D. T. F." ^ in 1887, a year remarkable for 
great heat and drought, and which he says will be known 
as one of "long-topped but short-tubered potatoes." Tlius 
" Magnum Bonums " had stems six feet in length, but 
"nothing but a full crop of swollen underground stems, re- 
sembling a sort of monstrous couch-grass or roots of green 
ginger." 

Now since Dr. Vochting attributes the formation of tubers 
to an abundant supply of water, " D. T. F.'a " conclusion that 
these abnormal creeping stems were due to drought seems to 
be feasible. 

We have here, therefore, an apparent analogy with many 
naturally creeping stems. Taking into consideration the dis- 

' " On the Development of Tutwra." Bj Dr. H. Vochting. Bibiiolktca 
Butanica. Heft i v. Caseel. 1SS7. 

-■j! CkrOKick. vdI. ii. 1887. p. 586. 
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covery of M. CarriSre, tliat long slender radishes were almi 
alone produced in a, light soil, but short thick "turnip" foi 
in a strong or stiff Boil, and, secondly, that brancbca whwil 
produced underground tend to partake of the nature of root^J 
and so presumably share the tendency to be more or lesa 
affected by gravity, the resultant of the two forces of upward 
and downward growth compelling tbem to grow horizontally, 
we seem to have the clue to the origin of the long colourless 
stems creeping horizotitatly in loose dry sand, aa is the 
with Oarex arenaria, Tritiema juTieeam, &c. 

CoboIjCSIONS. — The observationa of the preceding bota 
will be sufficient to prove that when normally aerial stems are 
made to grow underground, the new growth at once begins 
to assume the cliaractere of normally subterranean stems, auch 
as rhizomes, and that both are in many points comparable 
roots. The conclusion, therefore, is justifiable that it is 
aiirial and subterranean environments which act directly u] 
the responsive power of the organ, which then develops 
structure appropriate for each laedium respectively. Lastlj 
if the conditions be perpetuated, then the structures bo( 
hereditary. 
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CHAPTER X 

ORIGIN OF THE STRUCTURAL PECULIARITIES OF 

CLIMBING STEMS 

Preliminary Observations on the Effects of Light and 
Gravity upon Growth. — The question has often been asked, 
but never answered — why, speaking generally, do stems grow 
upwards into the air and roots go downwards into the ground 1 
We name the hypothetical influences respectively Apogeotro- 
pism and Geotropism. In the latter case, gravity seems to 
be the cause. Like Heliotropism, Hydrotropism, &c., these 
terms only indicate observed facts, but in no way do they 
explain the why and the wherefore of the phenomena they 
refer to. 

If we examine the very simplest organism, such as a spore, 
consisting of a single cell, when it begins to germinate, we 
should find, as has been shown by M. Rosen vinge^ in the 
FtccacecBf and by Stahl with the spores of Eguisetuniy that 
the primary cell division is laid down approximately at right 
angles to the direction of incident light ; and again, it has been 
demonstrated by Leitgeb ^ in the case of ferns, that the 
dorsi-ventrality of the prothallium and the development of 
rhizoids, as well as that of the antheridia and archegonia on 

^ Infiuenees des Agents ext^ieurs sw V Organisation pclaire et dorsi-ven- 

trale des Plantes. Rev, Oin, de BoL, vol. i. pp. 53, 123, &c. 

^ Zur Emhrydogie der Parner, Sitzungsber, d. Wiener Akad.f torn, 

Ixxvii. 1878. See also Sach's " Physiology of Plants,*' p. 524 seq. 
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tho shaded side of that structure, are the outcome c 
degrees of light, and that their position on the shaded side 
is not due to gravity.! j^ tji^ higher cryptogams, the embryo 
always begins by forming four cells, one at each end in the 
axis of the archegoaium, and one at each aide. This pro- 
embryo forma the rudimentary axis, but does not directly 
grow into the aerial leafy plant. The growing points of the 
stem and of the root arise from definite points 
apeotively. If the prothallium of fema may he regarded bbM 
representing an early condition of things, which lies horizon-J~ 
tolly on the ground and develops its archegonia on the shadedg 
under surface, we may think we can see how light penetratin 
through the prothallium down to the archegonium might haft 
determined one of the upper (innermost) cells to b 
end, while the opposite one, nearly facing the orifice and tfa^l 
ground, was the root-end.^ 

In other of the higher cryptogams, and also in Gyranc 
sperms, the relative arrangement is the same ; the suspem 
as in Selagindla, Pinus, &c., always pointing towards 1 
orifice of the archegonium, while the embryo is develops 
downwards within the interior ti 

Thus Hofmeiater says : — " All the vascular cryptogams J 
which the germination has been observed exhibit the s 
arrangement of the first four cells of the embryo, 
arrangement exists in the RhizocarpecB, the Equigetacem, a 
in Imetea ; and the position of the first cells of the rudiment ' 
of the germ-plant at the lower end of the auspensor of 
S&lwjinella is the same. In these caaea the jirimary leafless 
axis is formed principally by the multiplication of the lowest 



' Similarly Hofmeiatar aajs :— " It is evident tin 
to the [iroductioD of Bemal organs as well as of 
Oryptngamia, pp. 192, 193. 

' See "Ouelinee of Cla^siiicatiuu," &c, by Guebel, p. 205, li 



favonrable 
'he Higher 




PK0ULIAHITIE3 OF CLIMBING 3TEM8 



199 



E the four cells ; of that one, namely, which is turned away 
com the mouth of the arehcgonium." ' 

The ahoot-end of the emhryo is thus always at first away 
KErom, and the suspenaor or root-end towards, the entrance 
to the archegonium ; bo that one may generahse theoretically 
(in the absence of any proof to the contrary), and attribute 
these relative positions to hereditary influences, the primary 
cause of incident light having no longer much, or even any, 
immediate influence in determining the polarity of the embryo. 

Regarding, therefore, the developments of embryos as a 
whole, including those of Angiosperms, in which the radicle, 
as a rule, always points towards the micropyle, we seem to 
see the line along which evolution has proceeded ; and that the 
first positions taken up in cellular cryptogams foreshadowed the 
future arrangement of all other plants. That light may have 
originally determined tlie polarity, and that afterwards this 
should have become inherited, even in the total absence of 
light, is of course quite in keeping with many other phenomena 
in plants, as Dr. Vines has observed in the following passage.^ 
Speaking of the periodicity in the circiUation ot water in 
plants, he says :— " It has doubtless been induced in plants 
by the daily variations of external conditions, perhaps more 
especially of illumination, which are involved in the alterna- 
tion of day and night ; but it has become so much a part of 
the nature of plants, that it is exhibited even when tlie con- 
ditions which originally induced it are not present, and it is 
teansmitted from generation to generation." 



"The Uigher Cryptogam ia," p. 30:. Later in veBtigatiDOS have nildeJ 

tber details, curreoting eome of Hofmeister's original researcbes. See, 

" OatliDBB of ClBBsificatioQ," &c, by Goebel, OxCutd, << Gernilaatiuii 

IE fems," p. Z05 ; that of Bqtiiteitaa, p. 259. 

« " Physiology of PlantB," p. 96. See also (Index, <,«.) H. Spnocer'a 

tnarks uu utber ht^rtilitary acciulrcd charscteri. 
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When, however, a seed germinates upon the ground a 
embryo begins to grow, the first process ia the protrusion of 
the rwiicle with the development of the primary root, upon 
which gravity at once actSj determining the vBrtical position 
downwards. The plumule subsequently develops itself, 80 
that its terminal ceUs lengthen the axis upwards. This erect 
position has been thus primarily determined by gravity and 
light. 

We must not foi^et that if we call the result of the in<fl 
flnenc« of gravity by the words "positive geotropism," auft' 
distinguish it from the upward growth hy attributing the latter to 
"negative geotropism," that gravity per se has no power to do 
anything but attract all matter in a direction perpendicular 
to the earth's surface according to well-known laws. Conse- i 
quently, when a stem grows in the contrary direction to th!al 
force, apogeotropism (if the term can be used dyuamicall^fl 
may be taken to include, first, " phototropism ; " secondly, i 
'•_ffort which the axis is obliged to make in order to c 
the attraction to the earth. In other words, it must auppM 
its own weight. If it do not succeed, it will of cc 
the ground. As long aa the shoot is young i 
composed of cellular parenchyma, it does this by means < 
tui^dity and elasticity ;^ for as soon as water fails, the shoe 
becomes flaccid, and, as all can observe, falls dovfn. 
qaently it puts on supportive tissues, such as woody fibre, 1 
fibre, sclerenchyma, collenchyma, &c., to gain the same ( 
Hence it is impossible to attribute upward growth in any dire 
way to the force of gravity itself. On the contrary, all growl 
upwards in a vertical line is in direct opposition to it, i 
requires a continual effort to overcome its influence. Gravitgij 
therefore, would be better described as only indirectly i 

' See Sach's " rhyaiology of Plants," [). 217. 
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fluencing plant growth ; iii that it is really a Btimulus under 
which the plant develops its supportive tissues, light having 
been really the primary determining cause of the stem growing 
upwards. This power, however, haa long since become fixed 
and hereditary ; so that if a cut shoot be suspended upside 
down, whether in the light or darkness, the apex will neverthe- 
less turn up again. 

An additional reason for doubting the influence of gravity 
as a cause of the upward growth of the stem is afforded by 
Knight's experiment of growing beaua on a vertically rotating 
wheeL In this case the root-eud always grew outwards and 
the ahoot-end inwards, the axis of the plant lying along a radiiis. 
Now, as gravity was practically neutralised, the root grew in 
the same line and direction as the centrifugal force, which 
itself being also an accelerating force, then acted like gravity ; 
while the shoot-end grew in the opposite direction, in the same 
straight or radial lino as the accelerating centripetal force. 
Each end of the plant was, therefore, subjected to what might 
be called an accelerating " pulling " force. If the shoot-ond 
happen to grow beyond the centre, the apex wiD turn back 
again, being " pulled back," so to say, by the centripetal force 
acting along the other half of the same diameter. 

Comparing these effects with ordinary growth in the ground, 
gravity acta as an accelerating force " pulling " the root dornn- 
wards ; but there is no mechanical or accelerating force acting 
wpwani's analogous to the centripetal force pulling the ahoot- 
end inwards on the wheel. Light, however, now cornea into 
play instead, and the plant grows upwards under its influence. 

Yet another illustration. It often happens that Ranunculus 
TieterophyUus will send up a shoot vertically out of the water 
into the air. As the submerged stem ordinarily lies — but buoyed 
up at a certain depth — under water, gravity is practically 
neutralised at its apex, since the stems have nearly the same 



up out 
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specific gravity tis the water itself. Wo may, therefore, ask 
the questiou— why should the extremity of a long ahoot rise 
up into the air at all 1 I take it that here again h'ght ia the 
aole agent which atiraulatea the plant to cause it to rise up out 
of the water. 

Another instance of a similar acquired habit, orij 
due to light, is that of ordinary horizontal dorsi-ventral 
If their upper eurfaces be reversed in position when young and 
ao fixed, they wilt make the moat " determined effort" to right 
themselves aa long as they are growing; as I have found by 
experiment. 

Plants grow towards the sky, therefore, because the earth 
is illuminated from above ; hut a lateral source of light will 
cause deviation from the vertical direction, ae every one knows, 
from plants growing in an ill-lighted room. 

Plants may, however, be made to grow upside down. Thus 
Mohi describes some experiments made with germinating Ortiei- 
f&rm, by which he found that the influence of light might 
cause their stems to grow in the same direction as that of 
gravity ; for when he suspended them in a horizontal position 
in a blackened box closed on all aides and at the top, hut 
lighted from below by a mirror through the open lower end, 
the plants were then induced to develop their stems vertically 
downwards.' 

The Rebistanoh op PLAiraa to Mkchanioal Strains. — 
Assuming the preceding observations to be an interpretation 
of the fact that stems usually grow upwards, i.e., in opposition 



' " The Vegetable Cell," p. 146. Mohl uaea tbe espresrion " 
the effect of gravity." Thia ia obviiiusly wrong ; foe gravity acted, niit 
in oppositiun, but cointideatly with thu reflected light ia this c«o. It 
would have been intereating to diacover whether the supportire UaBiieB, 
by which a stem normally " overcoinea the effect of gravitj," were mom 
or lesa reduced in quantity by growing downwards. 



to the force of gravity, they muefc obvioualy counteract tliis 
force or they will fall to the ground. 

There is ample evidence to prove that the protoplasm of 
plants BO far reBembles that of animals that it responds to the 
influence of external mechanical forces, and strives to acquire 
and to sustain an equilibrium with them. The so-callod sup- 
portive tissues are the results of this effort. It need hardly 
be observed that plants cannot do this suddenly, like il man 
UHing his muscles to prevent himself from falling if he have 
lost his balance ; but the result is no less effective, though it 
be executed by the slow method of growth. 

On the contrary, in submerged water-plants this effort is 
not required, and consequently the supportive tissues foil to 
appear ; for such plants are of much the same specific gravity 
as water itself, and therefore miss the external stimulus of any 
strain to which they can respond. 

Similarly, with large and massive cellular plants, as those 
of the Caelacem and thick -stemmed fungi, but little or no other 
strengthening material, such as woody tissue, is required. 

Precisely analogous efl'ects occur under degeneracy. Thus 
M. Coatantin's experiments prove — as have been alluded to — 
that when normally aerial stems are grown underground, the 
supportive tissues become at once arrested. 

Use and disuse are, therefore, quite as applicable to plants 
as to animals ; for while the muscles on the arm of an athlete 
increase with effort and decrease with disuse, so do plants 
develop tissues which best enable them to meet the various 
strains to which they may be subjected; and on the other 
hand, such tissues are more or less arrested when no strains 
are present. 

It is thus that we find projecting angles and columnar 
structures composed of collonchyma on the surface of her- 
baceous stems, as in the Luhiatw and Umbelli/erie ; pcricycuiar 
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sclerenchyma ia the flower-stalks, as of Carnations, Ixias, &k'\ 
and lingo buttresses to some foreign tropical forest trees.' 

ExPBRiMESTAL EVIDENCE. — That mcchanical strains bring 
about these results is proved by the following experimental 
evidence. Professor W. Pfeifer * has lately described the 
results of B. Hegler's experiments, showing an increase of 
strength and development of the mechanical tissues of plants 
resulting from the application of artificial strains produced by 
■weighted strings. Thus the hypocotyl of a seedling sun- 
flower, which would have been ruptured by a weight of i6o 
grms., bore a weight of 250 grms. after having been sub- 
jected for two days to a strain of a weight of igo grms. The 
weight was subsequently increased to 400 grms. without injury. 
Similarly Phaseoluf seedlings became strengthened. Leaf- 
stalks of Hellebonis niger, which broke with a weight of 400 
grms., were able to resist one of 35 kils, after having been 
subjected to a strain for about five days. 

The increase in strength is effected by a strengthening of 
the cell-walls, generally accompanied by a great inerease in 
the collenchyma. Bast fibres already in existence arc greatly 
strengthened, and they may be called into existence where 

' Aa I nm iiuw imly ooncBmsd with climhing plaota, it would be out 0! 
place tu deacribe tbe mechanical systems of other plaats. The reader, 
however, may ha referred to Saoh's "Physiology of PlantB," p. 21S, where 
ho deeuribes hollow endogenous stems, calling attention to tbe fact that 
the lignified Btrands, fto., are "distributed according to mechanical prin- 
ciplea ID the urganii." It seema to me that there is a strict analogy 
between the strengthening structures in plants and in animals; in that 
Profeetior Haiighton has shown in his lectuFes on the " Frinoiple of Leaat 
Action '' how the muscular arrangementa and organs of motion in animals 
all follow this law ; that is to say, whatever force be required, the 
machinery exactly meets the case. I would therefore venture to lay 
down tbe principle ns universal in the living world, that tbe necessary 
structurea in both kingdoms have been evolved in responee to effort. 

^ iJtr. VcrhaaiU. E. Sdehi. OaeU. Wiu., v, (1892), p. 638. 
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they do not previously occur, as in the leaf -stalks of hellebore. 
The strengthening of the mechanical elements is accompanied 
by a retardation of the growth in length. 

My own experiments corroborate the above, for I find, when 
young horse-chestnut leaves have a weight suspended to the 
petiole, after some weeks the curvature becomes hard and rigid, 
and cannot be reflexed. Again, retardation is seen when a 
strawberry runner or one of Ranunculus repens is made to 
grow vertically upwards; the supportive tissue increases, 
growth is arrested, and though roots appear through heredity, 
they cannot develop themselves. As another illustration, it 
will be observed that on a leafy branch of a tree which has 
opposite leaves, e.g,, Pavia^ Sycamore, Walnut, or Horse- 
chestnut, the lowermost leaf of any pair which stand in a 
vertical plane has a petiole very much longer than that of 
the upper leaf, in order to bring the blade to the front ; the 
angle between the petiole and branch is much more acute, 
while the thickening of the base or pulvinus is intensified. 
This involves a much thicker" layer of coUenchyma, and a 
different construction aad arraagement of the fibro-vascular 
cords. The leverage being at a disadvantage, or of the " third 
kind," quite accounts for the extra thickening at the base. 
Thus, the petioles of four pairs of leaves situated in a 
vertical plane of a horse-chestnut tree weighed respectively 
as follows : — 

Orms. Grms. Orms. 



I. Lower leaf, 13.00 


Upper, 


.7.15 


Difference, 5.85 


2. „ „ 11.35 


» 


5-55 


„ 5.80 


3- » » 7-20 


» 


3.90 


» 3-30 


4- » » 9-35 


» 


3-8o 


5.55 


Means ... 10.22 


. •• 


5.10 


5.12 



Hence the average weight of the petioles of the lower leaves 
was about double that of the upper ; the difference being due 
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to the extra development of tissues in the lower petioles £SJ 
order to overcome the Btrain due to gravity. 

Applioationb to Cumbing Stems. — This important principle 
of adaptation to strains, with the resulting alterations in the 
supportive and strengthening tisanes, applies especially to climb- 
ing plants ; for while, on the one hand, the main stem, which 
is no longer self- supporting, in a certain sense degenerates, to 
he further explained, hy atrophy or "disuse," the parts or 
organs which have to sustain any weight or strain undergo 
changes by hypertrophy and become much thickened, &c,; 
hence arises the fact that so many stom-cliDihers are remark- 
able for their anomalous structures. The fact that woody 
climbers generally possess anomalous features would seem to 
pomt to some correlations with their habit of growth. M. 
Van Tieghera. and M. HSrail,^ however, do not recognise any 
causal relationship between these curious structuiea and the 
climbing propensity, although the former writer admits the 
coincidence to be frequent, for three reasons : ( i ) in some 
climbers the wood is normal; (z) similar anomalies occur in 
plants which do not climb at all ; and (3) the anomaly affects 
the roots as well as the stems. 

In reply I would observe; (t,) That some climbers with 
normal wood are exceptional proves no more than that in their 
case they have not yet been required to change, as the normal 
structure can avail for them. (2.) There are two replies 
to the second objection: (i.) That simUar anomalies occur in 
other plants does not dispose of the suggestion of their being 
of special use to climbers, as each species must be judged and 
interpreted on its own merits ; as, e.g., has been already shown 
m the case of desert plants,^ One would be rash to say that 

' Reehcrchti rar I' Anatomic eom.paT6e de la Tige da Dicotylidcmet. Ann. 
da Sci. Nat., 36t. 6, torn, xx. p. 203, 1885. 
" Sapra, p. 73. 
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there waa but one canso for producing siuiilar anonialoua 
structures. (iL) We can never disprove the liyiiotheaia tliat, 
although certain plants are not climbers now, they may not 
have descended from such, and have retained an anomalous 
structure. Climbers are well known sometimes to lose their 
habit, or at least retain it in abeyance, and then to reacquire 
it, as in the familiar instance of dwarf French beans.' To give 
a remarkable instance, no one would A priori expect that a 
large shrub with a considerable trunk and branches, growing 
to a height of fifteen or more feet, coidd climb. Hipiage 
Madabloia, however, growing in gardens in Cairo, often sends 
out one or more slender shoots, which twine around neigh- 
bouring trees or bamboos to a height of ten feet or so. It 
belongs to the order Malpighiacew, and therefore may bo pre- 
sumed to have retained a climbing habit. 

As an interesting instance of plants becoming " sarmentous " 
elsewhere, M. Warming observes of such : — " Lea parties hoisues 
dea Campos ou Cercados sont k pen pr6a d^pourvues de lianes 
et de plantes Epiphytes ; on y rencontre rarement une Brome- 
liaeee ou un Ficua, ^chapp6 sans doute de la zone dcs forcte. 
... II n'existe pas de lianes dans las Campos, mais, phdno- 
m^e digne de remarque, on observe une tendance vers lo typo 
sarmenteux chez certaines espcces appartenant k des genres qui 
fouinissent des lianes dans la zone des forets. Leurs rameaux 
longs de 2 a 3 m., trop faibles pour demeurer dresses, retom- 
bent en arcades. Le genre Serjania eat de eetto cot^gorie ; il 
est repri^'sentd dans les forets par i8 espices, ayant toutes les 
caract^res de lianes, et dans les Campos par le S. erecta, dont 
le nom indique sufflsamment le port. De m€me, le genre 
Biuhinia compte dans les forfita des arbres et des lianes, tandis 
que ses quatro repr^sentonts dans les Campos ont le meme port 
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que le S. ereda. C'est le caa aussi pour plusieurs Malpighiacfies j 
quelques esp&tes mgine de Tetrapteris et d'Ifeteropleris ont la 
forme de lianea dans la forSt, et eoiiservent !e [rart irig6 dans 
les Campos. Lea Dill^niac^ ot les Hippocratikceea n'ont 
jmur repr;;aentant8 dans lea Campos que dea aoua-arbriaaeaux, 
tandis que leurs csp^cea foreati^res aonb des Itanes. II poralt 
probable, d'aprSs toua cea faits eoncordanta, que le Serjania 
erm-.ta et les eap^cea de meme port sont issues de L'anea, qui, 
^migr^es des forSta, se sont adapt^ea nux conditiona du miliea 
que lea Campos leur ont offertes." ' 

An analogous feature applies to Convolvulacem in the Al 
deserts, where species of Convolvulus form dwarf stunted little 
bushes, with no climbing properties whatever, 

(3.) That the anomalous structure of the stem of a climber 
should appear also in the root is only what might be antici- 
pated, since a root ot d tree can put on ligneous tissues like 
the stem, and develop rings of wood to supply a support to 
balance the weight of the trimk ; there is no 5 priori 
reason why a root may not assume the same features aa the 
stem of a climber. Indeed, we might say d fortiori it would 
do so ; for the structure of lianas does approximate in cer- 
tain ways (aa in the increase in size and number of vessels 
accompanied by enfeebled wood fibres) to roots. Further, 
since the root of a tree has to be proportionally strong to fii 
it firmly according to its size, imd as the wood is formed in 
the stem, so is it continued down into the roots. This for- 
mation of wood depends on the foliage ; and if the wood of 
the stem be anomalous, so too will probably be that of the 
root, for it would follow suit, aa it is equally de]>endent 
upon the assimilative tissues above ground and on the supply 
of nutriment sent down to it. 

' " Lagoa Santa (Br&il)," Ac Rev. Oin. de Hot., ». p, 151, 
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M, Costantin ' has described the results of his experiments 
of growing ordinary acrinl stems undei^ound, and ahowa how 
they at once begin to assume a likeness to roots in their histo- 
logical Btructuiea. Thus, e.g., and apropos of the present sub- 
ject, the hber and woody fibres or supporting tissues are greatly 
arrested, eshibiting an analogous procedure with climbing 
stems. 

If a transverse section of our common Olematis Vitalba be 
compared with one of a root of an elm, it will be readily seen 
how close is the general resemblance between them; the 
medullary rays being larger in the former, is the principal 
difference. 

Mr. H. Spencer" long ago drew attention to the fact that 
plants respond to "actual and potential" strains, which be 
explains as follows : — " Actual strains are those which the 
I the course of its individual life. By 
aeaii those which the form, attitude, and 
I to its kind involve, and which its in- 
l to meet. In plants with stems, 
; tolerably constant attitudes, the 
increasing porosity of the tubes, and consequent deposit of 
dense tissue, . , . takes place at parts which have been habi- 
tually subject to such strains in ancestral individuals. But 
though in such plants tlie tendency to repeat that distribution 
of dense tissue caused by mechanical actions on past genera- 
tions goes on irrespective of the mechanical actions to which 
the developing individual is subject, these direct actions, while 
they greatly aid the asaumption of the typical structure, are 
the sole causes of those deviations in the relative thickenings 

' Ktttdt eomparie det Tigei airictinci el louterraaiei dei DicotyKdona. 
Ami. da Set. Nat. BoL, Scr. 6, 1883, torn, xvi, p. 4. 

« " On CirEnlfttion and the Formtttion of Wood in Plante," by H. Spcnoer, 
Trant. Linn. So^, vol. xxv. p. 405, 1866. 
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of parta wluch distinguiGli the individual from otheTs of its 
kind. And then, in certain irregularly growing plants, such 
as Cactuses and Euphorbias [and I would add some woody 
climbers], where the strains fall on parts that do not correspond 
in aucceBsivB individuals, we distinctly trace a direct relation 
between the degrees of strain and the rates of these changes 
which result in dense tissue." He records Mr. Croucber's 
experiments at Kew, which proved that cactuses developed 
wood where subjected to artificial strains ; but when they 
were tied up, no formation, of wood took place. 

This last remark requires a comment, because the tying 
up may involve one of two conditions. If it relieve the strain 
due to resisting gravity, there will be no effort required 
and no wood formed ; but had it been tied eo as to subject 
the growing organ to a new strain, wood would have been 
made to meet it Thus, if a bough of a tree be tied back, 
it will, on an immediate release of the ligature, return to its 
former position at once ; but if it be kept tied for a season or 
two in tlie new position, though it may be afterwards released, 
it will be found to retain the position given to it because it 
has been making tissues to resist the strain until it is overcome 
and the forces are in equilibrium.^ Now, when we examine 

' PrufesBur Huxlty remarks in the "Life and Letttraof Oharlea Damin" 
(vol. ii. p, 189) that: "One hnlf of Lninarck's arguments were obBoleta 
in 1850, and the other half erroneous or Jcfective, In virtue of omitting 
to deal with the lariouB claeeea of evidence which had been brought to 
light since hie time. Moreover, his one Bnggeetion as to the cause of the 
grududl inodiGcatiun of specius — el!>irt excittid b; change of conditions— 
waa, on the faui of it. inapplicable to the whole vr^getalile world." The 
reader will perceive that Mr. Spencer distinctly controverts and disproTca 
thie Inst itatemunt of Professor Huxley ; and I woald venture to ajld niv 
conviction, baaed opon many observationa and experiments, that there id 
an abundance of evidence to prove that living protoplasm of plants ia 
always respoosive to mechanical strains and builds up tieeuea to meet 
tliem ; or oanveraely, if a plant be not snbject to them, a correapondinf 
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the anomaJoua tissues of lianas, wo at once seo that there is 
the obvious difference between such climbers ttud trees or 
shrubs, in the fact that the stems of the latter are eelf-support- 
ing, while the stems of the climbers are not, or only partially 
so. They acquire, as a result of their habit of growth, certain 
features which are very obvious, such as great length and 
flexibility. The loops and festoons which form themselves 
must necessarily be subjected to various strains, partly from their 
own weight, partly from the oscillations due to the swaying 
of the brajiches of the trees upon which they are suspended, 
Ac. These strains must he met, or they will snap asunder 
like over-stretched cords, and I take the many anomalies of 
strueture to he various self-adaptations of these plants to put 
themselves into as perfect a state of equilibrium as possible, 
compatible with the vital activities carried on in their tissues. 

Although M. Van Tieghem and M. HSrail do not think 
that there is sufficient evidence to enable one to trace a cause 
and efiect between a climbing habit and an anomalous stem, 
the former observer records a fact which certainly seems to 
point the other way. He thus speaks of Wistaria : ' — " Quand 
la Glycine (Wistaria) enroule sa tige autour d'un support, on 
voit au bout d'un certain temps, de part et d'autre de la riJgion 
en contact avec le support, une assise du parenchyme lib^rien 
aecondaire devenir gdnSratrioe et produire de chaque cotd un 
arc libdroligneux normalement orients, qui est tertiare. Cea 
deux arcs lib^roligneux s'dtendent plus tard du cote opposd au 
support et peuvent s'y r^unir. Pendant ee tempe, I'assise 
giin6ratrice normale continue k fonotionner et & produire du 
liber et du bois seeondaires." 

nrrest of etructme is the direct connequenoe. " Use and dieuBe," I repeat, 
with their efTecta, art atrictly patallel in bf>th the animal and vegetable 
kingdomH. 
• Traili de Botanique, vol. i. p. 828, tSgi. 
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M. Leclero du Sablon' has alao, anil more lately, gives. 
careful description of the development of the anomalous 
ture in the stem o£ Wielaria, and shows, in the flrst place, that 
there are no anomalies in the short shoots which do not 
climb, no secondary developments oocurring ; secondly, that the 
secondary and tertiary formations are produced in the climbing 
shoots when the stum is suhjecfed to pressure; thus corrobo- 
rating M. Van Tieghem'a earlier olservation. His words are 
as follows : — " La premifere ann^e, la structure est tonjoure 
normale ; mais la seconde on la troisiinie nnn^e, lorsque le 
contact entre la tige enroul^e et le support est trfes ^troit, on 
voit la couche g^ni5ratricB sumum^raire se former suivant deux 
lignes en forme d'hdlice do part ct d'autre de la eurfac« dc 
contact Ordinairement la pression excrete par le support sur 
la tige affaiblit I'aclivite de la couche gdnfiratrice normale tout 
le long de la surface de contact; il y a alors une eorte de 
compensation ^tahlie par I'apparition de la nouvelle couche 
g^nSratrice. Le plus souvent, on voit done sur uno section 
transversalo la couche gun^ratrice normale continue et la couche 
surnum6raire limitte b, deux arcs de part et d'autre de la region 
de contact avec !e support." ^ Thirdly, the older stems, which 
do not climb, may stiO form secondary and tertiary woody 
growths, apparently from the " acquired habit," as Mr. ITpr- 
bert Spencer has explained in the passage already quoted. M. 
Leclero du Sablon thus writes ; — 

" II faut remarquer que dans les tiges trfes kgies do Glycine 
qui ne sont pas eoroulfes, les anomalies de structure peuvent 
He presenter, et qu'une couche surnumiraire peut apparaltre 
d'une fa^on d'ailleurs irTL^giili^re et sans jamais former un 
anneau complet."^ 

Lianas have n 



lot been aufloiently studied in 
Od'i. de Bot., 1893, vol. V. p. 474. 
eii., p. 477. ' Lac. cit., p. 47». 
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countries to test the point sufficiently ; but if these proctictil 
experiences with Wistaria may he taken for what they are 
worth, coupled with the geoeial fact that siniilnr as well as 
other features are generally characteristic of climbing sterna, 
then we may at least offer it aa a " working hypothesis," that 
the peculiar structures of climbing sterna are due to the efforts 
made by the climbers to strengthen themselves so as to resist 
strains and tensions, by making them flexible and elastic, so 
as to best meet the forces to which they are aubjected without 
suffering injuries. 

The pi'oeess is thus comparable with the acquirement of all 
other self-adaptations, in that these latter are the direct out- 
come of reactions to external forces, and are the best fitted to 
fulfil the functions of plant life under the circumstances. 

The example of Wistaria seems to prove that tlie new cords 
or arcs of supportive tissue are develo^d just wltei-e the strain 
is felt, and where it is required to strengthen the stem. The 
above statement of M, Van Tieghem reminded me of the 
fact that iti America Wistaria stTwnsis is often grown aa a 
standard tree, which Mr. Meehan of Germantown, Philadel- 
phia, informed me never sends out long annual shoots, as the 
plants trained along a wall are accustomed to do, sometimes to 
a length of upwards of 30 feet in one season. Mr. Meehan 
kindly sent me, at my request, some shoots of the same size 
and growth from each kind of tree. The results of a micro- 
scopical examination bore out my anticipations, in that the 
histological details proved to bo very different in the two kinds, 
as will be seen from the following details of their structures 
respectively : — The diameter of the shoots was three-eighths of 
an inch. In the case of the " tree " Wistaria, the diameter of 
the pith measured 65 divisions of the micrometer ; while that 
of the " trained " Wistaria had 95. The breadth of the woody 
zone or xylem measured 35 in the tree, and only 15 in the 
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trained ; the number of voasels in the space between two 
at tigbt angles was 30 in the tTse and 40 in the trained ; 
diameter of the largest vessels was 3 in the tree and from 3J 
to 4 in the trained. The liber fibre was much increased in 
the trained form. 

Pbooliaiuties of Climbing Stems. — I will now consider the 
probable origin of the anomalous structures to be seen in 
climbing sterna, and see if there be not reasons for considering 
them to have arisen from similar causes. 

The peculiar characteriatios, both morphological and 
logical, of the woody stems of climbing plants have long 
known, and various types of structure are well recognised, corre- 
sponding more or less to the natural orders to which they 
belong.' 

It will be unnecessary to describe in detail the many well- 
known forms of lianas, but only to allude to some varieties, 
Tlius, there are the " cable "-like forms, consisting of several 
twisted strands, each being a longitudinal outgrowth on the 
circumference of the central main stem. These are charac- 
teristic of the Malpighiacem. The " ribbon "-like stem is seen 
in BmiJiinia and allied genera, bulging on both sides alter- 
nately.'' These resist lateral strains; the gain of strength in 
these stems is quite as obvious on moclianical principles as in 

' Tlifl rtiader aia,y be referred to the Elimej^ dt BotaniqiK, p. 23a, i>( M. 
Uiicliartri-. aod M. Van Tieghem'E Trait6 de Boianvive,yo\. i. p. Sja, where 
good figures s.re given, and uumtirous autbors are refernjd to ; and enpe- 
cially Reeherchei sur VAnalomie camparie de ta Tigc da DicotyUdonci, 
par M. J. Hcirail. Ann. da Sci. But., &&r. 7, toin. ii. 1885, p. 203. In 
the fnllowing descriptions I have main); relied on my own abaervatiana 
DD the anatomical stnicturea. 

"^ See excsllent figures by Dachartre, op. ci<., pp. 233, 235. Reference 
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Jusaian'a Monogr. de la Famillc del Malpvjhiett, 
Gandechaiid'a Rechertkea, itc., p. 184, and Traitd 
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an ordinary hempen cable or a steel strap. Several of tlio 
SapindaceiB strengtlien tlieir atema by supernumerary and 
localised n\ia of wood running up the cork.i 

As methods of securing elasticity, abnormal developmenta 
of iiber fibre or of cork occur, aa in Biynoniacem, where the 
wood occurs in the fonn of four or more widely separated 
rays, the interstices being apparently libriform. This occurs 
also in some Malpighiae.eie, Apot^nacece, Olacineie, Aristdo- 
diiaeeie, &o. ; several of the Menispermacem have concentric 
zones of wood, and often cortical tissue, alternating for two 
or three years, but afterwards the stem becomes eccentric. A 
somewhat similar arrangement to that of the first year'a 
growth of the preceding is found in Gnelum, where ap- 
parently liber fibres alternate with wood. 

The piesence of such elastic or flexible tissues as cork and 
liber, in exceptionally large quantities or abnormally dia- 
tributod, will probably tend to furnish a means for meeting 
atrains without allowing the st«ms to be injured by too great 
flexure or breakage. 

A study of the histology bears out this surmiae, that the 
stems of climbers are adapted to meet strains by their flexi- 
bility and to secure strength by other means than by lignified 
woody fibre, this latter being what might be called the " self- 
supporting" tissue, par excellence, aa in timber trees. The 
differences are exactly analogous to those between the strength 
of a ship's cable and that of a wooden post. 

The following is a brief summary of some of the most 
important characteriatica ; — 

I. External columns, giving a crosa-section the appearance 
of having projecting cortical processes. Examples of this 
may be seen in herbs such aa Oalium, Glemaiie Vitalba, 

e, op. cic,, p. 240, figs. 87, SS, 
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Hamulus Lupulm, Genlradenia grandijiora, and epecias 
Baukinia, in which the proeesaea become "wings.' 
winga 01 btittresses consist of local deTelopmente of lil 
ligneous cords. 

a. Cortex. — This may be very thick, as in Steptiatwiu, 
as in Aristolochia Siplw, where it iorma two zones, an outer 
collenchymatous, snd an inner layer of large thin-walled paron- 
chymatouB cells. The concentric alternating layers of wood 
and cortical tissue in the Menigpermacece are due to [leriodic 
activity of a cortical generative layer, the true cambium being 

3. Perioycular strttrlures. — The pericycle appears to 
particularly active In making special tissues in certain climl 
stems. Thus in Clematis it makes alternate layers of 
fibres and suber, which as continually exfoliate from 
surface. In AriMolodiia there is a broad zone, well 
exteriorly, but less so within, of strengthening tissue. Thiff 
appears to closely resemble many endogenous stems. In a 
species of Piper, Lonicera, ami Stephanolis there is a zone of 
fibres of several rows. The riblwn-likc processes of Baukima 
are attributable to its agency. The " fibrous " bark of many 
climbers, as the Vine, Honeysuckle, Wistaria, &c., are due 
to the activity of the pericycle. 

4. Xyletn.—'Y.'he feebleness of the wood fibres, both in 
quantity and in the structure of the individual element^ 
accompanied by numerous vessels of large calibre, together 
with broad medullary rays, are features of very general occur- 
rence. They might be regarded, perhaps, as the most char- 
acteristic of woody climbers, Collectively, they offer much 
less resistance to strains, m consequence of their increased 
flexibiHty, than a dense zone of wood, which is more liable to 

' M. Leclerc (In Sablon cninpares W^atnni with Cucci 
pclui. Op. cil., p. 479- 
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snap. Besides tho advantage of elasticity in the ] 
of large medullary raja, as, e.^., in Arislolochia, Clematis, 
Bigntmia, &c., the laige-aized vessels enalile water to pass 
readily to a great length, an ahsoJutely necessary provision in 
rapidly growing shoots. 

M. Hi'rail observes that the mode of life of climhers in- 
volves a modification of two kinds in their histological atruc- 
turea ; the first being the development of the conducting 
tissues, the second the organisation of the mechanical tissues. 
To these two might, 1 think, be added the protective tissues, 
e.'j., cork and liber fibres. With regard to the number and 
size of the vessels, this author gives lists of climbing plants 
and of allied non-chmbing species, in order to show the 
marked difference between the sizes of the vessels respec- 
tively. The following are a few selected cases : — 



CUmatU Vitalba 
Cohma seandens 
Galyitegia septum 
Tieoma radfcatis 
Aristolockia Sipko 
Qalivm ap-triiie 



I 0. Teda . 
PoUmonvww. ueruUwm 
Oomolwlut tricolor . 
T. Ga^a^eam . 
A. Olematitis . 
G. Moilugo 



Solaiium Dideamara affords a good illustration of these 
differences, as they are exhibited in one and the same shoot 
according to age. Thus a one year's shoot contains a very 
lax and torn pith, surrounded by a very thick-wallcJ. xylem 
with small and scattered vessels, though more numerous and 
larger at certain places in the zone. These one-year shoots 
which carry the leaves and inflorescences, do not climb, but 
stand out freely into the air and light. They readUy snap 
across when bent. They have also a small amount of liber 
fibres of considernbio length embedded in green parenchyma 
and a hypodermal Liyer of incipient cork. 
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In a second year's gco^vth the thick-walled wood fibres 
much reduced ia quautitj, and the vessels are now larger 
more mimeroua. In all litter years the wood fibres are thin- 
walled and the vessels very large and numerous. In this plant 
the medullary rays are thin, and show no excess of development 
The surface now puts on a considerable amount of cork. The 
older shoots, say of six years' growth, are highly flexible, in 
consequence of the enfeebled chnracter of the xylcm, 

PosaiBLH Aids to Strm PRiasuaa. ^Besides affording means 
of greater elasticity and flexibility in climbing plants, the large 
medullary rays, and in some cases the increased cortical tissues, 
may, I think, aid considerably in producing stem pressure to 
assist the flow of water to great distances. It is well known 
that if the surface, i.e., the epidermis and hypodermic layer, 
be removed from a herbaceous stem or petiole, they contract, 
having been subjected to a longitudinal tension, while the 
internal column elongates, showing that the tissues which com- 
pose it are under a constant longitudinal pressure. If, there- 
fore, the parenchymatous tissues be increased in quantity, as 
they are in the large medullary rays, so much the greater will 
this tension become when they are saturated with moisture, 
as may be seen to bo the case in a cut section of the shoot of 
a growing hop-plant. It is also a familiar fact that if a ring 
of cortex be cut out of a growing stem, and be cut vertically, 
it cannot be replaced in position, because the turgid parenchyma 
of the pith and medullary rays tend to expand in every direc- 
tion. This being so, we can well understand how the large 
vessels must be constantly subjected to a transverse squeene, ia 
consequence of the horizontal tensions of the superficial layers.' 



> Thia is not the plitce tr> enter into a diBCHssian o! thu very debatable 
bject of the flow of water in plants, hut I cannot but think that phj- 
lUigistB do not^ OS a rule, give sufficient weight to Kraoa'a investigations 
^o Tension rfu Tism d sea Co/isiquencei ; Ann. dts Sei. Nat. £o(,, tp.. 
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In the Wudaria, for example, of which I have giveii dimensions, 
the pith in the growing stem of the trained plant has an area 
mote than twice that of the shoot of the Bame diameter taken 
from the tree form. 

We thus see, if this interpretation be correct, that the 
alteration in the tissues brought about by the Bfems being 
supported are the very ones which arc also most conducive to 
the carrying water to very great diatauces. 

I thinlt, then, we may now begin to see somewhat of the 
causes and effects traceable in the adaptations of climbers. 
Starting with the fact that they are supported, the first result 
is a degeneracy in the sylem, which remains pliable by failing 
to become very much lignified. This allows the vessels to be 
increased in number and size. The strains and tensions to 
which the stems are subjected are now met by means of the 
elasticity of the hber, cork, &c., while the stems tliemselves 
assume various forms to meet these external mechanical forces. 
We thus find the twisted rope-like form consisting of several 
strands in genera of the MaipiffhiacecE ; the ribhon-form, re- 
peatedly folded and bulging on alternate sides, forming a suc- 
cession of arches in reversed order, as in Bauhinia; while in 

70, 1S69) ; fur tenaioDS must always be present, and ae water accumulatoB 
in winter, and at nighta in sumnier, when transpiration hae censed or is 
Black, to the tensions will incieaee until thtsj ore relieved by the renewal 
uf troDspiratian in tbe morning. These tensions will acconnt for the vis 
II tergo necei^ary to supply the water for that fnnction. 

Ill the mita "On the Ascunt of Sap" {Ann. of Sot., viii, p. 468), 
Messrs. Dixon and Jaly say: — " Straabui^er's experiments bave elimi- 
nated the direct action of living protoplasm froni the problem uf the 
ascent vf sap, and have left only the tracheal tissue as an organisi'd 
structure and the transpiration activity of the leaf wherein to seek an 
explanation of tbe phenonienun. . . . Whether the draught upon ths sap 
eittabliehed at the leaf be regarded as purely capillary or not, these ex- 
periments Ifiad tbe authors to believe that it alone is quite adequate to 
effect the elevation by direct tensiuit of the sap in nil trees." 
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others longitudinat and strecgtlieDing ribs are sapenidded, i 
CaulotreCus heterophyUus. 

The structure of these exaanplea ia so obviously in accord- 
ance with mechanical principles of streDgth, that the general 
conclnaion seems inevitable, that both morphologically and 
histologically lianas have acquired their peculiar forms and 
structures by self-adaptation to external mechanical forces ; 
80 that, on the one hand, atrophy has followed as the result of 
being supported, eapecially in the deficiency and feeble char- 
acter of the wood fibres ; on the other, hypertrophy ia the 
consequence of their being subjected to various tensions and 
strains, though we may not be able to trace the immediate 
cause of the development of each individual variety. 

Since degeneracy is a mark of the sylem in cHmbera, as 
also of aquatic plants and of Endogens, it is perhaps not sur- 
prising to come across more or less identical features. Thus 
in Piper there are isolated cords in the medulla, and thess 
cords are often quite destitute of cambium. In othora it may 
be detected by the presence of rows of cells converging to a 
point where phloem is situated. The belt of pericycular tissue 
below the cortex of Aristolochia ia very like that of Endogens, 
and may be regarded as a third point of resemblance to that 
class, its use being to strengthen the stem when the xylem of 
itself fails to be sufficiently supportive. In some cases the 
stem is absolutely zorieless, the cords being all isolated. 

These considerations lead one to conclude that anomalous 
stems have become what they are iu consequence of climbing. 
That the habit was primarily induced by mechanical contact 
on circumnutation ia most probable. The universal pheno- 
menon of sensitiveness or irritability to external stimuli was 
then called into action, and the climbing habit resulted. Then 
followed the alterations in structure as a direct consequence 
of this acquired habit of life. Lastly, they are reproduced 
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by heredity, even when the plant may have ceased to climb 
altogether. Why there should be so many different types of 
lianas it is not possible to say ; but variety is a law of 
nature. We might just as well aak, why arc there so many 
forms of leaves, flowers, and friuts t The possibilities of 
adaptation in nature are infinite, and I, for one, would not 
attempt to reply to this question, though I think the growth 
in response to the influence of attains is identically the same 
as what is called " use " of muscular and other energy in the 
animal kingdom, and would be a correct general reply to the 
question, why is the structure of the stems of woody climbers 
anomalous ? 

I have hitherto confined my attention to climbing stems or 
" twiners," but the alterations in the structure of tendrils and 
other organs after having become attached to a foreign body 
illustrate analogous features. 

Thus Treub has shown how the hook of Uncaria thickens 
enormously after attachment. Darwin also illustrates the 
petioles of Clematk, Sottmum jasininoides, &c.' In these and 
other cases it is presumable that the hooks and petioles " feel 
the strains " when called upon to support the plant, and that 
they respond accoidingly ; for there is never any attempt to 
thicken these organs before, or unless the mechanical grasp has 
been miide. 

Similarly with tendrils, as soon as their apices have caught 
hold of sometliing, they thicken in diameter and become spir- 
ally coiled or otherwise twisted. Tho thickening is to he 
explained as above, namely, as the result of effort. The coil- 
ing is a mechanical necessity to meet the new strain imparted 
to the tendril itself by its own growth, Darwin shows this 
well in the case of Bryony,^ The long thread-like tendril, by 



"Climbing Plaiitn,'' p. 46 st 



' Op.eit.. p, 165. fiy. 13- 
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continuing to iiicrtaae after contact, coils apirally ; but ii^ 
were to do so only in one direction, the force imparted into it 
would tend to wrench it asunder. This, therefore, must be 
neutralised by a coiling in the reverse direction ; so that the 
number of coils either way is always approximately equal. 

M. L^on haa endeavoured to discover the cause of the re- 
verse coils. Ho writes as follows :^" J'ai cherch^ k voir 
comment se formaienfc cea spirales inverses. Ayaut remarqu^ 
qu'elles ne se dessinaietit bien que lorsque le sommet dea 
vrilles etait fixd k un support, je plajai le sommet des vrilles 
de Macon et de CitrouiUe en contact avec dea brindJUes flxdes 
eu terre, et par une surveillance attentive je m'assure que 
I'enroulement inverse de deux spirales voiaines dtait simultani. 
Ivi vrille ae courbe d'abord dans une partie de son ^tendue, et 
cette courbure tend k se prononcer, k se ressetrer en un point 
en demi-cei'cle. Cet arc de cerde devient alors le centre d'un 
mouvement rotatoire tr^s lent, mais qui iEsensiblement tord 
les deux cot^s oppos^'S k cet ate mobile et leur fait d^crire h 
cUacun une spirals, qui, bien que dcrivant do la mSme impul- 
sion, se desaino en sens inverse ; le point d'application dea 
parties opposSes agisaent aussi k gauche sur I'une, k droite sur 
I'autre. 

"Je puis indiquer un moyen plus prompt de verification du 
mouvement que je viena de d^crire. C'est de tenir dans I'eau 
par ses deux extrfimit^a une jeune vrille de Bryone, ou mieux, 
sa moiti6 longitudinal e. On voit sut-le-charap se former par 
un seul mouvement les spirales inverses. Le point de oe 
changement de direction, qui se marque pat un demi-anueau, 
m'a offett, examinfi an microscope, dea cellules plus grosses sur 
les cfltfe, dans le sens du plus grand diamfetre, que vera le 
centre de la section ttanavetaale ; dans les spires, au contraire, 
lea plus grosses cellules paraissent se localiser vers le centre de 
la section, Mais I'ordonnanco de cette inegalit^ n'est paa ton- 
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joura k ce point tranch^e que le point de depart d'un change- 
ment de direction puisae fitre reconnu d'avanee but une vrille. 
Ces changomcnts de direction des spitales dee vrillos, examines 
ext4rieiirement, semblent dus k dea in6galit«s par exc^ on par 
defaut dans la flesibilitfi des tiasus. II suffit du moina de 
varier I'fipaiaseur dea sections iaitea but dea vrilles, qn'on 
soumet ii l'exp6rience de t'endosmose, pour faire naitro attifi- 
ciellement et a volont^ cea changements de spiiea, qui se pro- 
duisent ausai sur lea lanierea ddtachdes dea tigea."' 

It is evident from the preceding that the coiling is the 
direct outcome of the tenaiona to which the tendril ia sub- 
jected by the inequalities of growth throughout its extent, and 
the reveraing of the coila is a mechanical neceaaity to avoid 
breakage from any excesaive atrain. 

Similnrly in the genua Ampelffpeis, the two species of which, 
BO commonly grown in this country, not oidy illustrate a 
similar feature of reaponse to strains in their tendrils, but 
they show how a merely mechanical irritation bringa about the 
development of the adhesive "pads" in the one case, previous 
to the increase of the thicltneaa of the tendril due to the 
response to tenaion, and that the effect has become hereditary 
iu the other; for while A. hederacea has no trace of this 
adhesive structure before contact, in A. Veitehii, as well as 
in Hapluphyllum. (^BignomaeeiB), it ia partially developed in 
antidpaiion of the contact, but it ia only completed on touch- 
ing the aurface of the wall. Similarly the aerial roots of ivy 
often protrude even before contact* 

Besides coiling, as in the tendrils of bryony, pasaion-flower, 
&c., or zigzag bendings as in Ampelopsis, there is another way 

' BeeherchftnoaxdUirarlaCauieiiu ifouvevienttpircdda Tigeii voiubiUi, 
par M. L Leon. Bidl. de la Soc. Bot. dt Ft., 1858, 679, 

' Sea " Origin df Floral StruotnreB," chnp. iifii. on •' Sensitiveneai nnd 
IrriUbility of Plant Organs," where I have further diacuasod tliia subJL-ct. 
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"f neutialising a strain in a cord-like structure) namely, byfl 
axis twisting ImhIe upon iteelf. If a piece of string be fixefl 
at one ond, and be twisted for some time at the other in one 
direction, it will be found that when the string is slightly 
relaxed, it will first of all coil up in the opposite direction 
(right or left, as the end haa been twisting to the left or right 
reapectively), and then coil upon itself. A precisely similar 
twisting is sometimes met with in lianas. An example is well 
figured by M. Duchartre of the rope-like cord of a species of 
Malpiykiaceu!.^ 

The above few instances will be quite sufficient to show 
that the principle is a general one, that wherever strains are 
felt^ plants invariably make an effort to meet them, bo as to 
reduce the external and internal forces to a state of equili- 
brium ; and that this is done partly by simply obeying mechii- 
nical laws, and partly by new histological growths, 

A Thicokbtical Okigim of Climbing Plants. — The questions 
naturally arise, why do some plants climb, and liow has the 
property arisen 1 One may imagine that certain plants, unable 
to compete with others, such as trees in a forest, or tall herbs 
growing thickly together, might get "drawn" through want 
of sufficient light, and then the sensitiveness to contact being 
awakened, tliey were induced to climb in response to the ex- 
ternal irritation. The resulting effect would be a great stimulus 
to growth in length, until they finally attained to the light and 
air by reaching to the tops of the trees as lianas iu the one 
case, and above the herb^e in the other. To render this 
hypothesis probable, several facts are forthcoming. Thus, 
Wistarias, when grown as standard trees, as observed above, 
never put forth long branches ; but if trained against a wall, 
so that they have not to expend their energies in making a 



' Op. cit., p. 233, fig- 79- 
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trunk in order to be ac If -supporting, they will make shoots 
often thirty feet or more in length in a single season. This 
example shows that the last of the BUrmisea mentioned above 
would be fulfilled, and we know seusitiveneas to contact is pre- 
sent or absent according to varying conditions and usages of 
parts of plants. It would not bo altogether unparalleled to find 
that these weak sterna were more alive to respond to meclianical 
contact than thick stems well able to stand erect. For example, 
the dwarf French beau with a thick stem requires no support, 
but it often puts out a long slender shoot which twines. 
Again, the thick peduncle whiph supports a bunch of gi'apcs 
is not at all sensitive at any time ; but the thin tendril, which 
is only a modified form of the peduncle, ia highly sensitive. 

Hence, while further information ia wanted as to the real 
origin of climbing plants, it is at least a reasonable hypothesis 
that some such conditiona as have been suggested were the 
originating causes of a climbing habit. 

After the last paragraph was written, the number of the Revue 
G^aerale de Botaniqiie for May 1893 came to hand,' in which 
Dr. Warming continues his paper, Etude de G&o^apkie Bota- 
nique, in reference to Lagoa Santa, Br^siL He writes aa 
follows : — " Lea plantes volubiles et grimpantea doivent leur 
d^veloppement k I'ombre ^paisae dea foreta. L'livolution de 
ces plantes parait a'expliquer de la manicre auivante ; la jeune 
plante, dtivetoppee h. I'ombre, est forc^e de a'accroitre en hauteur ; 
sea rameaux a'allongent et a'aminciaaent. Lc premier degri^ 
d'^volution nous est pr^sent^ par les plantes qui s'appuient 
aimplement sur les rameaux des arbrisaeaux et des arbrea ; ces 
plantes sarmenteuses sont nombreusea dana la flore de Lagoa 
Santa ; elles comprennent des Amarantac^es, dea Compuaees, 
dea Borraginees, des Eupliorbiacees, des Violac^es, et m^e 
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des Cypdrac^es. L'adajitatiou eat plus nettemont accusfo dans 
les plantea rameuses dont lea branchea s'lnaiiretit i angle droit 
8ur I'axe ; grJke ^ cette particularity, elles reposont facilement 
sur d'autTes branches ; c'cst aiosl quo lea chosea ae poaseut pour 
le Cliiococea bracliiata, le Buildleia braehiata, pour quelques 
Slryclmog et Hippocratea. Puis vionnent les plantes volubilea 
La nutation de la tige peut Stre miae k profit, ... A cette 
wiWgorie appartiennent un grand nombre d'espScea d'Apocy- 
n^es, Dilleniac^ea, BorraginSes, Dioacor^ea, Composiiea, le Bout- 
singaultia gracilis, des Aflcldpiadfies, Malpighiacfies, et Euphor- 
biac^es." ^ 

Similarly Herr Fritz Miiller comes to the following conclu- 
Hions from a study of climbing branchea in South Brazil ; '^ 
" We can trace in the development of brancb-climbera the 
following stagea — 

" 1. Planta supporting themselves only by their branchea 
atretcbed out at right nnglea ; for example, Chiococca. 

" 2. Plants elaaping a support with their branchea Tuunodified 
— Secnridaea (Hippoeratea). 

" 3. Planta climbing with the tendril-like ends of their 
branchea — Helinus. 

"4. Plants with highly modified tendrils, which niay be 
tranaformed again into branches. 

"5. Plants with tendrils used exclusively for climbing — 
Strycknoa, Caulotretus." 

In all these cases I would contend that we have ample 
evidence to justify the belief that they represent gradually 
increasing differentiations towards specialisation in the climb- 
ing organs, and have been brought about in every instance by 

' Rev. Qin. de Sot., torn. v. p. 213. 

' "Notes on some Climbing Plauts near Desterro, in Smith Bniiil." 
By Herr Frit! MUller, in a letter to C. Uarwin. Jouni. ii.in. Soe. BoL, 
is- P- 345' 
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the direct response of the protoplasm of the climbing plant to 
the mechanical irritations induced by the other supporting it 
It only remains to be observed, that the morphological and 
histological characters, which differentiate the various genera 
or species, or even orders, in which climbing plants occur, have 
arisen by "definite variation," i.e., in direct adaptation to the 
environment, and consequently "without the aid of Natural 
Selection." i 

^ Since this chapter was written, a very interesting and fuller account 
of the mechanical adaptations of climbing plants to strains has appeared 
than I have place for here. I would, therefore, refer the reader to '* The 
Natural History of Plants," by Kerner and Oliver, p. 724, under the 
heading, "Resistance of Foliage-stems to Strain, Pressure, and Bending ; " 
and especially to the figs. 177-1S0, illustrating the structure of girders, 
which is paralleled by the mechanical tissues of many stems, as stated in 
the text. 



CHAPTER XI 

ORIGIN OF THE POllMS AND STKUCTUltE OF LEAVES ' 

Gbsbhal Obbbbvatiosb. — The peculiarities of leaves are 
generally grouped Tinder some Huch headinRS aa the following : 
— (i.) Position, i.e., whether the leaves be "radical" or 
"caiiline." (s.) Tha Arrangement ot Phyllotaxis. (3.) Their 
Insertion, i.e., whether they he petiolate or sesaile, sheathing 
or not. (4.) Stipulation, including the origin, form, and struc- 
ture of atipulea. (5.) Direction, or the plane in which the 
leaf-surface lies. (6.) Venation, upon which is based (7.) the 
Form, and (8.) the Composition of leaves, (g.) Duration, i.e., 
whether they be deciduous or eveigreen. In addition to the 
preceding might be added special peculiarities, e.;/., spinescence, 
tendrils, ascidia, &c. ; and lastly, rudimentary states of leaves. 

Besides these morphol<^ical features there are the physio- 
logical movements of leaves in response to climatic environ- 
ments, &C.'- 

Taking each of these features in order, it will be my object 
to show briefly how far we can trace coincidences between the 
external conditions and any of the above special features under 
consideration respectively, if one cannot always prove the 
existence of some direct cause and effect. 

(i.) Position. — Leaves often grow in a rosette from the top 
of the shortened stem, and are then called "radical" That 

' Pnr .1 papfir "Ou Vurnntion and the MKtIiodH o£ Devtliipracnt ot 
FoliagK," ! refer tlio reader to J'turn, JAim. Soc. £oi., iii. p. 6i 
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this is a mere result of the conditions of growth, which are 
in turn produced by the environment, is obvious. Thus 
species called acavlis, as Carduus acaults, naturally develop 
elongated stems when they happen to grow in valleys instead 
of on exposed hill summits, and especially in a rich soil sur- 
rounded by other plants, as long grass, when the stem becomes 
"drawn." 

Experiments, however, abundantly prove that this habit is 
an acquired one. Thus it has already been observed how high 
Alpine plants are provided with short stems as compared with 
those of the same species growing at lower elevations. Con- 
versely, M. Bonnier shows that when he grew plants from low 
altitudes at high elevations on mountains, the stems were all 
arrested.i 

The biennial habit, the reader may be reminded, is another 
cause of a temporary arrest of the flowering stem. Thus the 
carrot is normally an annual, but by checking its growth by 
sowing the seed in the autumn, the garden form has become 
biennial, and its stem is thereby arrested for a season, the 
leaves remaining " radical." 

Hence the radical or cauline position is simply a result of 
the environmental conditions, and can become interchangeable 
accordingly. Thus carrots which "bolt" in the first year, as 
gardeners express it^ are simply reverting to their ancestral or 
"annual" condition. 

(2.) Phyllotaxts, — ^Phyllotactical arrangements of leaves can 
be accounted for on general principles, but why each species has 
its own kind cannot be always stated*. I would refer the reader ^ 

* Supra, p. 99. 

' "On the Variations of the Angular Divergences of the Leaves of 
Helianthos taberosus." Trans, Linn, Soe., vol. xxvi. p. 647; and *'0n 
the Origin of the Prevailing System of Phyllotaxis," loo, cit., 2nd Series, 
vol. i. p. 37. 
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eleewbere tot a full account of tlie origin of the prevail- 
ing aystem; but would on the preeenC occasion only call 
attention to a few facts which bear more especially on thfi caaa 
of adaptation. 

It ifl au obvious fact that when leaves are crowded, the 
higher fractions of the ordinary series represent them. Con- 
versely, when iiiteruodea are long, the lower fractions wilt he 
generally found to be illustrated. But the length of the inter- 
nodcs is n feature largely dependent on external conditions, 

More striking and special instances are presented by plants 
which show a marked contrast in phyUotaxis, accompanied by 
aa marked a ditl'erence in the position of the houglis. Thus, 
the common laurel, when it sends up a shoot vertically, has 
pentaetichous leaves {2/5} ; but when it grows out horizontally 
frum the side of the same bush, the leaves are disticlious 
(1/2). A similar difference occurs on the same plant of ivy, 
Ficag repent, etc., between the arrangement of tlie leaves on 
the climbing shoot (i/a), and on those growing freely (a/5). 
The distrihution of the leaves, i.e., the positions where tliey 
emerge from the axis, is therefore clearly determined for them 
by the accidental direction in which the shoot may happen to 
grow. 

Hence we at once see why the distichous arrangement pre- 
vails, and has become a fixed hereditary character of many 
trees whose boughs spread out horizontally, as the hazel, lime, 
elm, beech, &c. 

Sometimes the distichous arrangement is mimicked, bb hy 
the yew. The loaves on the upper and under side of a hori- 
zontally-growing shoot are twisted to each aide, giving a pseudo- 
distichous appearance ; whereas in the Irish or fastigiate yew, 
the normal spiral arrangement, in which the leaves spread in 
all directions, becomes restored ; presumably reverting to an 
anceiitral state. 
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Wliea exogenous plants have opposite and deouasato loaves, 
tliey merely represent the primitive condition, aa seen in the 
opposition of the two cotyledons. 

(3.) Insertion. — The difference between & strongly petiolate 
leaf and a shortly petiolate one, and therefore more or less 
amplexicaul or Bheathing the stem, is a matter of greater or 
loss differentiation. The sheathing base is a mark of an-est 
or degeneracy,^ in that instead of one strong central fibro- 
vascular cord, together with two or more entering the petiole 
symmatricolly, a number of separate cords pass off giving rise 
to the arrangement characteristic of Endogens, Rannneulun, 
Umbelliferm, &e. 

The length of the petiole and its distinctiveness from the 
sheathing base depend ui>on the requirements for leaching 
the light Thus, in a compact plant like a dwarf Tropceolum 
long petioles are thrust out in all directions, carrying their 
peltate blades at right angles to the incident light.^ The use 
of the petioles is obvious ; but a dock with long broad leuvea 
spreads them out so that nearly the whole length is fully 
exposed to the light. A similar difference may be noticed 
between the sessile submerged leaves and the jietiolatc floating 
ones of Ranunculita heterophyllus. 

When the petiole tends to become vaginate or sheathing, 
we may see an additional adaptation to acquire strength to 
support the blade. This occurs in Oyperacem, Grasses, and 
Palms. In the last-named plants the weight of the blade must 
in some cases be enormous, and the strain on the petiole pro- 
digious. This strain is met by the basal part of the petiole 
completely sheathing the stem, while tliere is, in addition, 

* Tbia U fully diecussed in my paper on "A Theoretical Origin of 
Endogens." Joum. Linn. Soc. Bot., isix. p. 485, 1893. 
» Ktrner's "Leaf MoKaioa" (Nat. Hint, iif PI., i. p. 419 teq.) would 
I simply the result of every leaf tryii]g to get to the light. 
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a oompIetG network of iatertucing fibres Btrengthening ( 
loDgitudiiia! ones. 

In Palms, therefore, we see the value both of the sheath 
base and the long petiole canying the blade to a distance t 
reach the light. 

A similiir condition of things on a small scale may be 
seen in a field buttercup, R. acris, which haa a very long 
petiole and a sheathing base, It is obvious that the greater 
the weight of the blade or distal end of the petiole, so much 
the stronger must be the union at the base. Besides this, 
the pulvinus, as in the leaf of a horse-chestnut, is another 
adaptation, which increases in strength if the weight increases, 
as described in the chapter on Climbing Plants.' 

The point'to note, however, in all these observations is, that 
such adaptations are invariably the outcome of the responsive- 
ness of the plants themselves. Having acquired these various 
structures, they become relatively fixed aud hereditary, and 
can then be used as classificatory characters. 

(4,) StipjUaiion. — Stipules arise as dependencies from the 
lateral fibro-vascular cords of petioles. Thus if a central one 
and two lateral cords issue out of the eauline cylinder and 
enter a petiole, the stipular cords branch ofi' from the two 
lateral cords before these have left the cortex to enter the 
petiole. If the leaves be opposite, a " stipular zone " is formed 
within the cortex by a fibro-vascular cord connecting those of 
the opposite leaves. From this arises normally four stipular 
fibro-vascular cords which normally correspond with and enter 
four stipules. But, as is always the case when the possibility 
of multiplication occurs, more or leas than four may arise. 
This is well seen in the members of the Siellaiw of Ruhiac&B. 
Thus, in GaHum crueiatum there are only four " leaves " to the 
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■whorl. G. saxatile and G. anglicum have the right number, 
six ; but in G. idiginosum, there are eight'^ 

Now the question arises, why are Bome pluute stipulate, 
others exstipulate 1 It may be imposaiblc to answer this 
question completely at present ; hut a few general reflections 
may perhaps suggest a hint or two as to a probable cause. 

The first thing one notices is, that there is often a com- 
pensation between the formation of stipules and leaves. 
Thus, in the garden pea, in which several leaflets are con- 
verted into tendrils, and in Lathyrua Aphaea, all of them, 
the stipules are proportionately enlarged and fohaceous. 

There is an anticipatory difficulty attending any speculations 
about the origin of stipules, in that they are now often 
characteristic of whole families ; e.g., Leguminosw, Rosaesm, 
Rulnacixe, &c. They must in these cases have been de- 
veloped early and simultaneously with the differentiation of 
the orders themselves, while the various forma of stipules 
now existing within the boundaries of the orders respectively 
have become subsequently differentiated. Thus, e.g., we 
see that the stipules of the pea are obviously protective 
during the young state of the buds within their axils, but 
foliaceous afterwards. In Acacia, in consequence of drought, 
they have become degenerated into spines, the petiole being 
pbyllodinous in compensation for the loss of the leaflets. 

The questions, therefore, are, what were the primary and 
original cause and use of stipules 1 

Sir J. Lubbock has collected a large number of cases of 
stipules recorded in works of systematic botany, and has 
come to the conclusion that the general use of stipules is bud- 
protective, as previously suggested by Aug.-Pyr. de Candollc 

' Ai illuHtrationB nf arreat, the atipular ?rnie w present in Valeruinn, 
but there are no Btipulea. In ipergiila aneniii tbeie Hre atipnlea, but 
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in 1837. AsBuming this to have been, so, we want to proceed 
further, and inquire not only into their origin, but into theii 
subsequent diflerentiatious as well. 

Looking at the methods by which Nature now 1 
the undeveloped leaves within buds, there are two " 
are by far the most numerous, viz., by stipulea, ( 
oak, elm, &c., and by petioles, e.g., horse-chestnut, aah, 
cuirant, &c. In both cases these oigans are metamorphosed 
into bud-scales. 

It would therefore seem that when the blade is arrested 
in autumn, at the dose of the period of vegetative growth, 
there remains vigour enough to develop the petiole in many 
coses ; and if this be also arrested, then the stipules can 
remain and take its place as bud-scales. 

The development of bud-scales, therefore, is primarily due 
to the reduced and localised euei^ around the site of the 
bud. 

As stipules may bo characteristic of certain genera only, 
even when the majority of their allies in the same order 
are exstipulate, as, e.g., in BauUTtculacett, which contains 
stijjulate forma, as Callha, &fi., it would seem that there is 
nothing to prevent their being formed in any plant except 
the wont of localised energy to develop them, as well as the 
external stimulus, whatever it may be, to call that energy into 
action, if it be latent. 

The study of a few examples will be instructive, assuming 
that the most general and obvious function of stipules is pro- 
tective. On tracing the order of emergence of stipular and 
foliar papillte around the punctum vegetationis of a bud, though 
the latter of the two may at first be the larger (as in the lime 
and the leaflets of the laburnum), the former soon outstrip 
them ; indeed, in the beech the stipules are from the very 
first much larger than the foliar papillae ; and when I 




stipules are adnata to the petiole (ns in Ruhwf, Craiaijuti, 
Prunus, and Labui-num), tliey ore the only part developed 
in foiTning the hnd-scales. 

We tlius see how buds are formed in the autumn. The 
T^etative energy being brought bo a cloae, the leaves become 
arrested, the stipules being the only structures capable of 
being formed. These are then converted into the brown 
scales of many of our ordinary trees. 

If their function be solely protective, the outer ones at 
least soon fall olT on the expansion of the bud in spring ; 
the inner may grow and be temporarily protective, as in the 
case of the lime.^ Or they may remain, but apparently use- 
less, as in laburnum. They may, however, be persistent, 
become foliaceous, and then assume assimilative functions, as 
in the hawthorn, pea, &c. 

In the blackthorn we see a differeufc condition represented, 
for the stipules remain rudimentary, and the leaf is alteaya m 
advatice of Ihera from the earliest stage, being rolled round the 
bud, which it completely envelope and protects. 

Bud-scales are often provided with the additional protective 
inatrumeat of hair. Its presence is another corroborative 
example of M. Mer's theory,^ that this epidermal outgrowth 
is compensatory on the arrest of the oi^iau on which it occurs. 
But, of course, the presence of hair as a non-conductor is of 
vital importance in protecting the delicate immature structures 
within from frost. 

The .general conclusion is, therefore, that the development 
of buds in autumn is simply the result of climatic conditions 
coupled with the slackening of vegetative energy. 

Conversely, if the temperature remain comparatively high 
and the air moist, winter buds are delayed or not formed; 

' See my paper od Vernatiun. &c. {sapra, p. Zz8). 
'' Supra, p. 59. 
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while the vegetation, and Bometimes even reproductive energ 
is prolonged or recommenced. 

(5.) Direction.— "Iho most obvioua direction which the 
majority of blades take is at right angles to incident light.^ 
But this is only the optimum position in temperate climates. 
To avoid an exceasive degree of heat *or of cold, the surface 
is placed in as vertical a plane as poBsible. As this has, 
however, been discussed elsewhere, I need only refer the 
reader to what I have said.* The vertical position may, of 
course, bo assumed from other causes, as in crowding, e.g., 
of blades of grass, pinks, thrift, &c. In all cases, however, 
the positions taken up by leaves is a self-adaptation in re- 
sponse to the various external influences by which they Eire 
surrounded. 

(6.) Venation. — I had occasion to say so much upon this 
subject in my paper on a "Theoretical Origin of Endogena,"^ 
that 1 need not repeat my observations; only noticing that 
of the two primary types, palmate and pinnate, the former 
is the more primitive or else degraded form, the pinnate 
representing a more differentiated state. These two types 
of venation correspond with the more ot less dissected simple 
leaves known as palraati-lobed, palraati-sect, and pinna ti- 
lobed, pinnati-sGct, respectively. Thence are obtained the 
two corresponding main types of compound leaves, the pal- 
mate and pinnate, to be described more fully in the next 

' "On the Power posaessed by Leavea of Placing thtmselvea at Right 
AnglBHtotheDiractiimof Incident Light," by Fr, Darwin. Journ. Lirta. 
Soe, Hot,, iviii. p. 42a. 

' »(prn,p. 2ia See also Kcmer and Olisar'a "Natural History q 
Plants," p. 347 Ml}, 

' Joam. Linn. Soc. Sot., itxis. p. 485. 



CHAPTER XII 

THE FORM AND STKUCTURE OF LEAVES — {continued) 

(7.) Forms op Leaves. — The shapes of leaves are well-nigh 
innumerable, but there are certain well-defined types which 
are not peculiar to special families respectively, and con- 
sequently are not presumably attributable to hereditary affini- 
ties. Consequently, one turns to the environment to see if 
there be not coincidences between form and hahiU Observa- 
tions show that there are so many, that enough of such evi- 
dences is forthcoming to lead one to suspect the existence of 
a distinct cause and effect. In a few instances experiment 
has decided the point, and thereby verified the deduction; 
but in the majority of cases the presumptive evidence is of 
the other kind, viz., a very great number of coinciding corre- 
lations; which are, however, amply sufficient to maintain the 
belief that /orm is a result ofhaMt 

The reader must not suppose that I shall make any attempt 
to account for all kinds of forms, but only those which 
appear to me to warrant the conclusion. The rest must wait 
till we. know more about the habits of plants on the one 
hand, and the influences of the environment on the other. 

i. Linear w Grass-like Leaves, — The epidermis of rye, 
maize, &c., has elongated rectilinear cells with stomata at 
regular intervals. Now the leaf of thrift {Armeria vulgaris) 
has just the same, while in carnations they only differ by 
being rather squarer. 

337 
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lu a meodow-grasa taken at hazard {and tlie name 1 
known), I found the cella over the chlorophyll tissue to I 
lozei^e-shaped with etomata regularly situated at the a 
This type is exactly imitated by the leaf of Pasithea c 
a liliaceous genus with grass-lilte leaves. In both, the two opi- 
denuides are alike, and, as in carnations, the palisade tissue 
is also on both sides. Another feature is found in the common 
pink {Diavtkua plumarius) which is not pronounced in carna- 
tions (D. Caryophyllue), viz., a circle of large cortical cells 
(as seen in a transverse section) around the fibro-vascular cords. 
This abuts against the pericycular fibres ou one side, 1 
therefore represents the endoderra. 

This is exactly like many graaeea, as of the genus Ari 
of African deserts ; but in them this layer is filled ' 
chlorophyll, while in the garden pink I find it is clear. 

In Hordeum maritimttm and H. murinuvi the endoderm | 
present with horseshoe-shaped thickenings on the inner sidsl 
of the cells. This form is reproduced exactly in 
like leaves of thrift. 

The leaf of thrift remains sub-conduplicate, like that of 
many graasea in arid situations: The cella of the epidermis 
of the lower, that ia, the exposed surface, are almost iden- 
tical with those of maize, having long rectilinear walla with 
wavy margins and stomata at the narrow ends, but wanting 
the ailicioua film of the Oraminete. This outer, i.e., lower, 
surface is of course most exposed to light, and consequently 
has a dense palisadic liyer of elongated cells. Sclerenchyma 
fibres occur at the outermost angle and at various places. 
The concealed, i.e., upper, epidermis baa its two halves almost 
in contact, with deep sinuosities between the cords. This re- 
sembles many grass-leaves, especially those of Arialida, ilfec, 
of the deserts, which become clothed with hairs or wateq^ 
papillra standing over the stomata, which lie in depreasion 
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In thrift, however, i>reauniah]y ii result of heredity, there 
are ao Btomata in this upper eurface, but hair is present in 
a more or less rudimentary form, like ehort cones. The 
opidermis of this concealed surface is very " epithelioid," just 
38 occurs in the flower stem of crocus, where it is concealed 
within the sheaths below the soil ; or, again, ae the upper 
adptessed surface of leayes of Thiija, &c. The chlorophyll 
tissue of this upper surface in thrift is a lax merenchyma and 
not palisadic. Hence these tissues are reTersed in position, 
just as they are in Thuja. 

There are other differences, which are due to heredity and 
are not adaptations. Thus the stoinata have subsidiary cells 
on either side, while quadrate glands secrete lime-scales, very 
closely resembling those of Reaumuria and Tamarix of the 
Egyptian deserts, described ahove.' 

Plantago lanceoJaia and Lathyrm Ntssolia, which grows 
among grass, have more or less grass-like linear leaves, with 
an epidermis resembling that of the above-described forms. 

P, Klauach investigated the nature of the linear grass-like 
leaves of certain species of Bupleurum, and came to the 
conclusion that their forma and structure were adaptations 
to the external conditions in which they grew. In many 
cases the eptdermides of the two surfaces of the leaf are quite 
alike, the internal structure bearing a striking resemblance 
to those of Endogens.^ 

That the dimensions of leaves, as well as their thickness, 
are regulated by climatic conditions, has been well established 
by Mr. Scott Elliot' in his paper on the effect of exposure 
on the length and breadth of leaves. He shows that length 



' S"pra, p. 02. 

» See Joum. Roy. Mk. See., 1S88, p. 608. 
* "The Effect of Eipraure on the Relsi 
;»vea." Joum, Linn, Soc., sxviii. p. 375, i 
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increases in shade anil moisture, and tliat the ratio of tlie 
length to the breadth is always less in exposed leaves than 
in shaded ones. We have, therefore, in this fact an immediate 
interpretation of both the form and the anatomy of the grass- 
like leaves of many plants which grow crowded, whether 
they he on the same plant or in tufts, like pinks and thrift ; 
or isolated among grass, as Laihyrua Niesolut; or socially, like 
grasses. Conversely, we perceive the general interpretation of 
the many htoad leaves of trees, as of Sycamore, Plane, &c. 
Breadth is increased by exposure, as. many observers have 
notieetl, but only to an optimum degree. In deserts, where 
the heat and drouglit and glare are intense, the opposite effect 
is produced ; for the leaves are smaller in summer than those 
which are produced during the rainy season, or in the culti- 
vated regions of the Nile, as already stated in the ease of 
Salvia lanigera, for example.^ 

As an illustration, Mr. Scott Elliot gives a table to show 
the differences between the measurements of the lengths and 
breadths of the leaves of several species of grasses growing 
in shady places and in the most exposed and driest spots 
he could find respectively; the "ratios," obtained by dividing 
the lengths by the breadths, vary from 4.5 to 32.4, 

The author then draws the following conclusions : — " This 
(the drawn-out character) ia an important point in systematic 
character, as a lanceolate, linear, or oval leaf simply arises 
from the different proportions between length and breadth. 
If, then, climate or exposure can, as I think I have shown, 
produce variations in this respect on which natural selection ' 

' Supra, p. 46. 

' Mr. Scott Elliot here payB tha ububI tribnte tu Natural Stjleotion; 

but his eiplonation oE tha origin of thesu CoriDB uf leHVes clearl; prucea 

(oa Mr. Darwin himtielf ghowed) that Natural Sdeetion u not required at 

all, iiiaamuch aa each individual plant varies definitdy in reapoais bi ' 

See supra, p. 1 leq. 
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may afterwards begin to act, we can see how a new species 
may be formed, 

" The difference between Ranunculm reptans and R. Flam- 
mvla, for instance, is chiefly a difference in tho leaf-ratio — the 
leaves are longer and narrower in the second form ; and Ross 
has experimentally changed the one into the other by growing 
them under different conditioDe, and, so far aa I can gather 
from his paper, his method consisted in increasing the amount 
of moisture."^ 

u. The ericaceous type, as well as that of the evei^een 
and coriaceous leaves, are well marked. They are associated 
with a dry summer and a mild winter, and occur, for example, 
along the South of Europe, where the bniyh'e {Eriea arhorea), 
Arbutm Unedo, together with Qiiercus Ilex, and olive occur; 
so also in Japan, the shrubs of which, such as Eiumymus ' 
japonieus, may be compared with the European species. Again, ■ 
tho typo reappears on the Karoos of South Africa, the plants 
of which are characterised by having small leaves, much 
cutiuularisatiun, and a want of spongy parenchyma, so that 
they can endure a long dry summer with much wind; and Mr. 
Elliott adds hia belief that "these physical conditions have 
produced this form."^ 

Lastly, the heaths of South Africa are represented by the 
Mpaeridew and other "ericoidal" forma in Australia. 

The leaves of the olive and ovei^een oak, as compared 
with the thin, deciduous leaf of the Enghsh oak, well illus- 
trate the peculiarities of the type iu question. 

A more northern temperate climate, with a greater annual 
rainfull, is associated with deciduous trees, as in England ; a 
result of a most marked difference between summei and 

' Lot. cit, p. 3S3. SiinilBrly R. Flanuaida raised from seed in a pot bore 
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winter. Still farther north we reach the colder and drier 
regions, where we find the evergreen Ctmt/ene with acicular 
leaves. These, in their anatomical details, once more recall 
the structure of the most southern and dry climates. 

The tropics are noted for their hot dry and hot wet seasons. 
These furnish a third type of evergreen foliage. 

The question arises, are these distinct types 'the actual 
result of the varying combination of oiemonte which go to 
moke up these respective climates 1 

The histological elements, I think, leave no doubt upon 
the matter j though we may not be able to explain the im- 
mediate action of each individual factor of the environment 
upon each individual element in the minuter structures. 

Analogy also furnishes an answer of some weight. Thus, 
e.g., the presence of resinous matters, which, as A. de 
CandoUe observed, favours the protection of the Coniferm 
against excessive degrees of cold, is the effect of the dry 
climate in which they live ; for, as Sir J. D. Hooker observed 
at Lamteng in Sikkim, Himalaya, that not only was the 
timber of certain species of pine inferior, hut that they 
produced no quantity of resin, turpentine, or pitch ; " which 
may perhaps be accounted for by the humidity of the 
climate." ^ 

Conversely, wax and reain are not characteristic features 
of tropical palm-trees ; but the exceptional Ceroxi/lon andicola, 
which grows at very elevated regions on the mountaina of 
New Grenada, secretes an abundance of wax. 

The immediate cause of the evei^Teen condition is a pro- 
longed period of vegetative growth. Tliis is practically proved 
by genera or species of plants which are deciduous in England 
becoming evergreen farther south, as, e.ff., the honeysuckle 

Oriffithi, Abia 
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( evergreen 



in the Riviera and at Malta, while the cherry i 
in ludia. Many otliet cases might he mentioned. 

A coriaceous texture ia not infreiiueiitly associated with a 
apinesceut margin. The reader will recall the leaves of 
Mahonia, Holly, Qumvus Hex (especially the young foliage), 
Cwloboijyne, &c., as all having u " holly-like " leaf. 

Since it has been proved that spinescent features of all sorts 
do result from drought, as in the deserts, hut the coriaceous 
type ia more characteristic of exposed dry localities of more 
temperate climates than that of the sub-tropical deserts, tliere 
would seem to be enough coincidence to amount to a consider- 
able probability that this peculiarity has been due to a dry 
and exposed condition, but not of intense heat. 

An interesting illustration of dimorphism in a coriaceous 
leaf may be inserted here, which Mr. K Tidmarsh has com- 
municated to me from Grahamstown. He writes as follows : 
— "I send you the foliage of two species of Aralia, which 
would certainly be regarded as four species had I not known 
the plants from cuttings. One is that of A. Ve-Uchii, as 
grown in a pot, and also when planted out in rather poor 
soil. The leaf sent was, in fact, taken from a plant growing 
under glass in a poor soil," They were about four inches 
long and one-fifth of an inch wida The accompanying 
lai^er leaves were from a plant of the same species planted 
out in a mass of fresh compost in a hot-house, in a moist 
atmosphere, and with a temperature ranging from 60° to 90°. 
These latter leaves were five inches long and one and thiee- 
qnarters broad. Hence, while the former are linear, the 
latter are broadly lanceolate and tapering at the base. He 
also seut leaves of A. reticulata, which were upwards of two 
leet in length and aix inches in breatith, "The plant which 
bore these leaves," he writes, " was ten feet high, planted in 
the open on the banks of a stream, but too far above the 
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water to be benefited much by it. It waa under willotf! 
which to some extent protected the foliage from the frost o 
several degrees experienced at Grahamatown." 

A Bomewhat analogous diiference ia noted by Dr, Warming 
iji writing of the plants of Lagoa Santa.' Of the plants 
in the dry Campos he says ; — " Cettaines eapfecea ont des 
feuillee trea nMuites et quelqucs-unes sont aphylles; elles 
appartiennent k dea famillea tr^ diffei-entes. Chose digne de 
remarque, les espicea foroati^ros portent, en moyeune, dea 
feuillea i)lus grandes et surtout plus largea que les espfeces 
de la meme famille ou du meme genre qui habitent lea 
Campos." 

iii. The type of foliage characteristic of Thvja, Juniperus, 
ToHiana', OamariTia, Veronica lycopodioides, &c, in whicli 
the leaf is reduced to a minute, partly aheathiug ruiUment^ 
would seeiu to be due to the same conditions as those which 
have caused the acicular, but have prolonged the arrest to a 
further degree. It ia well known that two forms of leaves 
often exiat oa the same plant of any of the above genera 
or apecies respectively; and it is regarded as indicating a 
difference in development, the sharply-pointed form repre- 
senting the younger type, the adpressed semi-adherent rudi- 
ment, a subsequent type. Thia accords with my contention 
that it ia simply a still further d^roe of arrest ; and therefore, 
when the pointed form reappears, it is a slight reversion due 
to an accidentally increased degree of vigour by having more 
moisture.^ 

iv. The aloii-leaved type would aeem to be the result of 
the linear leaf, typical of Endogena, growing in hot and arid 
diatricta, bo that it has acquired its excessive thickneas and 
rigidity by developing an enormous mass of water-ston^^ 
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tieauo ; this being the moat chftracteriatic internal feature of 
such leaves.' 

V, Flealiy-leaved plants are characteristic of maritime and 
saline regions, as samphire and Plantago maritima of out 
shores; and several Chcnopodiaccous plants in salt marshes, 
&c. Again, dry and stony or rocky ground is also favoured 
by the presence of others, as stonecrops, while Zijgoplit/llum 
frequents the desert 

M. Lesage, as already stated, has proved that salts are the 
immediate cause of the succuloncy in the first- mentioned 
cases ; and wo may safely surmise that the adaptations to 
the dry and hot localitiea frequented by others is equally an 
outcome of their environment.^ Hence the peculiar forms 
asBumed by the leaves of such plants is entirely due to their 
environments. 

VL Water is a powerful means of affecting leaves and pro- 
ducing the prevailing typical forma. I have had occasion to 
say so much upon this head that I need only remind the 
reader of the dissected form of foliage found in the submerged 
leaves of widely diaaimilar ordera, e.g., Ranuncvius hetero- 
phyllus, Calmnha, Trapa, (Enanihe, Ceratophyllum, Myrio- 
phyUum, &c, among Exogens; while the ribbon-like type 
is especially characteriatic of Endogens, though found also 
in Hippuris, Lobelia Dortmanna, and approximately in Cai- 
lilriche, &c. 

On the other hand, the floating form is very much the 
same in Irath classes, as seen in RanuncKlits, Nymplicea, 
CaAotnba, Limnanthemum of Exogens, and in Ht/drocharig 
and (rarely) in Alisma of Endogena ; while the final type 
reached in Endogens is usually the hastate or sagittate, as in 



' For turtlier risiiiarks oil tlie thuoreticil origin i)f this type, bc 
of Endogens," Ac. Jimrii. fJn<i. Sue. Bot., xxix. p. 518. 
' See aupra, pp. 50 aiid 131. 
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Sa^ttaria and liicltariH", these forms being tranaitiinual 
Nympho'a, Victoria, &c.' 

vii. Lastly, the extremely degraded aquatic type, which 
be called " Algoid," is characteristic of Podostemacew, 
typically found in many marine Algw, aa Delenaeria, &c. 

This rapid survey of the forms of leaves will be quite 
enough to establish the contention that they are in all cases 
duo to their environmental conditions, coupled, of course, with 
the self-adapting powers of protoplasm, without any aid from 
Natural Selection. 

The reader will perceive how the same lines of argument 
hold good in this case aa in nil previous ones ; so that aa each 
subject was brought forward in turn, they all ntutuaUy 
strengthen each other, as the argument is identically the 
in every case. 

viii. Composition. — That compound leaves are derived 
simple ones goes without saying. The innumerable 
tional forms alone would prove this ; as, e.g., Ruhux, Poientilla 
repians, Ampelopgis Veilchii, Nerpindo fraxinifolia, and many 
others ; and it would ajipear to bo a safe inference that 
the advantage to the shrub or tree in having deeply-lobed 
or compound leaves is that light can be readily transmitted 
to a depth within the bush or tree ; which could not be other- 
wise the case if all the outermost leaves overlapped one 
another and left no interspaces for light to reach the Tinder- 
lying ones. 

The question before us is, however, how are comixiund 
leaves formed from simple ones! One must first ask how 
are lohed leaves produced from entire ones, because lobed 
and divided leaves represent the transitional stage before 
complete separation of the leaflets is acquired. Lot us select 

> Fit fiirtlRT di^tuils tliu ix'ailcr is n^fiirred to a full diHOUBBion ia the 
pijjBr "0(1 a Theoretical Origin of EndngcuB," supra, p. 345. 
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an example auch as ia furnished by a vigoroua yearly shoot 
of the snowberry, in which the following facts may be noticed, 
Tho first formed leaves at the base, where energy is not yet 
vigorous, are small and entire ; towards the middle of the 
shoot, where energy ia most vigoroua, tlie loaves are much 
larger but more or less lobed. At the close of the year's 
shoot, the leaves are again smnll, like the first formed, and 
entire. Similar differences may be seen on a vigorous shoot 
of holly, &c. 

Now ill making the shoot, two factors at least are obviously 
concerned : one is the vital energy expended in growth and 
development, the other is the materials wherewith to construct 
the leaves, or the degree of assimilative power coupled with 
such nutriment as the soil may supply. At the beginning 
and ending of the period of growth energy ia relatively feeble, 
the materials being just sullicieDt to make the small leaves 
entire. For the middle period, when vigour ia at a maximum, 
materials fall abort of what is required to make the largest 
leaves complete; hence the parenchyma between the lateral 
veins ia not formed sufficiently to fill up the whole of the 
spaces and so round off the margins. 

As the above described feature is not accidental and occa- 
sional, but now always true, it has evidently become fixed 
and is hereditary. 

Henc«, if the above be the correct interpretation, the original 
cause of "lobing" is simply one of nutrition; and whatever 
degree it has attained, from the repand state of an oak-leaf 
to the pinnattsect or palmisect typos of many plants, it is 
now fixed and hereditary. It would seem, however, to be 
often liable to change according to varying degrees of nutri- 
ment and aaaimilatioii ; thus pinnate and bipinnate portiona 
often occur on the same frond of a fern, the terminal portion 
being pinnate, white the central and more vigorous may bo 
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bipinnate. Similarly in Rnhug Jrutieosus and /?. idasug 
iBaves Eidjoiniiig the inflorescence are simpk, vegetative en 
coming to a close to give way to the reproductive ; but else- 
where ternate and quinato leaves can bo found. Various 
methodB are adopted ; thus, the lowest pair of leaflets in the 
blackberry are ' ' aeparated from " the first pair of leaflets, which 
had originally themaelvus been derived from the terminal 
one ; the order of the formation of the leaflets is therefore 
basipetal. In the raspberry, however, it may be noticed that 
the lowermost pair of the two pairs were the first formed; 
the upper pair being cdao derived from the terminal leaflet, 
but Biibgequenily to the lowermoat. The order is thei 
baaifugaL' 

In Dracontium pertugum we see a permanently establic 
peculiarity in the leaves having "gaps" and "slashes" which 
the plant as a rule does not appear to be able to fill up, the 
habit being now hereditary and characteristic' It is, how- 
ever, by no means absolute ; for if the plant be highly 
nourished and can grow" vigorously, few or no holes may be 
loft at all. On the other hand, they increase in number and 
size in a poor soil Again, as illustrations of anomalies arising 
from insuflicient nutrition, M, ¥1. Buchenan " has observed 
a hornbeam which at first bore very small and lobed leaves, 
but, by an amelioration of the nutritive conditions, developed 
by degrees leaves of the normal form and size. On the other 
hand, M. F. Hildebrandt^ has also observed leaves of Sliamwis 
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' Tho reader will, of course, allow foe the 
eipreisions. 

* Sue " Origin of KndogeDB," £0., p. 522, foi 
the perforatiuQS. 

^ Ueber «nc» FaU der EnttUhang der ckhealilaUerige 
Hainbuche [Carpinut beluliu, L.). Bol. Zeil., iSgi, p. 98. 

* Ueber einigc plutdiche Umanderungen on Pfiaaien. Btri 
tclun Iiu/aii. OeieUMhaft, Btl. \x. H^ft vii. p. 24. 
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.FrangiilOf of tho walnut, and of Hepatica iriloha to become 
lobed, thia condition jjrevailing for several yeara. 

That impoverishment and a want of an active assimilative 
power are the immediate causes of this peculiarity is borne 
out by other instances. Thus, submerged leaves, as the reader 
has been already reminded, are always more degenerate in 
structure than floating or aerial leaves. Hence it is not 
Rurprising to find some Potamogetons occasionally, and Ouvi- 
TUTidra fenesli'cdia to be always fenestrated. I would here 
observe how very similar effects can be produced abnormally 
when buds are exposed to an excessive chill just as they are 
expanding. This not infrequently occurs in our spring-time. 
Thus in horse-chestnuts the young leaves may receive a 
check, BO that when the leaves arc subsequently developed, 
they are found to be perforated and more or less pinnatifid. 
This is, of course, merely an accidental occurrence and not 
permanent, but it indicates the linos upon which nature 
appears to work in establishing the hereditary character of 
lobed, pinnate, and other sorts of divided and compound 
leaves. 

Another abnormal variety of many herbs, shrubs, and trees 
is the " cutrleaved." This occurs on many plants, and would 
seem from analogy to have resulted from an accidental de- 
ficiency of nutriment, or at least a want of assimilative 
power ; and although it is somewhat doubtful whether it can 
he transmitted by seed, it is in a sense hereditary, in so far 
as, when grafted on a normal tree — e.g., in the ease of the 
beech— .-it may transmit the cuUeaved peculiarity ever after- 
wards on that side of the tree^ to which it was originally 
united. The horse-radish is another example of a casual 
variation. When this plant is cultivated in a rich soil, it 

' Pniliutiim et Picaliim des I'ariMi dona let Vig^nx, par E. A, 
Csriitn;, 1S65, p. 46, tigs. 5, 6. 
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bears large lanceolate and perfect leaves; but stray plants 
growing in waste ground or gravelly soil often bear deeply 
pinnatifid leaves of various forms. Mo penaanent variety lias 
been established, but it shows bow sucb leaves are caused ; 
and all analogy seems to prove that if the influence be per- 
manently kept up, llien the dissected form may become per- 
manent; just as with Banuturulus heterophyllus, which, when 
grown as a terrestrial plant, cannot recover the " whole " leaves, 
but adapts the dissected form to an aerial existence ; but the 
leaf with its filiform segments has undoubtedly arisen by 
having been submerged. 

The dandelion is a plant excessively variable in the incision 
of its foliage, the leaves being irregular and more deeply in- 
cised in dry places, but far less so in marshy ground, when it 
takes the varietal name jialagire. Sir J. D. Hooker associates 
four forms with the following conditions respectively -.—Taraxi- 
eum qffunnale, cultivated ground ; var. T. erythoBpermum, dry 
places; T. lievigalum, sandy places; T. palustre, moist moor--| 
lands. To this might perhaps be added T, minimmn, 
ground, Malta^ 

We thus have here a aeries of phenomena parallel with the * 
varying degrees of hairiness, aucculency, lignification, cuticu- 
larisation, &c., in that while in some cases excessive degrees 
are only casual or accidental and temporary, and not to be 
trusted as hereditary, in other cases they can be propagated by 
grafts and not by seed; while, lastly, similar structures in 
other plants are quite characteristic and permanent, and can. 
then be used as classificatory, being fixed and hereditary. 



b moor--^H 
, rodgdfl 

nt.li tha •" 



* The ruadur raay be tuterted ta a paper eutilltd Jiechenhei lur Ui 
Planta it Piqaanti, par M. A, Luthelier, Sev. G^ de Bot., lSg3, a»d 
Fl. iS, 19, where Beveral cumparativa luinm uf leaven ure iltiiBtratnd \ 
CcMiatTea, e.g., having a tootbed leaf in a nuriBt atiuuspbera, but a deepty 
piunaCisKCt onu ill u Jry nir (PI. 19, fisx. 7 aiid S). 
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Thia is all exactly what one would expect; for whatever 
the cause may have been primarily, if it be continually in action 
the result tends to, and often does, become fixed and hereditary. 
Thus, too, M. Camera writes: — "Faisons auasi remarquer que 
lea divetses combinaisons faites pour perp^tuer les varifitfe, ou 
pour en obtenir de nouvelles, reposent sur cette loi g^n^rale 
que, dans la nature, tout tend h. se reproduire et mfime a 
s'lStendre ; que par cona^uent les modifications peuvent non- 
seulement devcnir h^riditaires, maia qu'elJea peuvent encore 
sorvir de moyen pour arriver fi d'autrea modifications, i. ^tondre 
et h, multipher de plus en plus les series typiquca." ' 

ix. Duration. — We divide shrubs and trees into evergreens 
and deciduoua, according to the duration of their foliage ; but 
this ia well known not to be absolute. In many cases, aa has 
been already pointed out, deciduous oaka, cherry, and many 
other plants become more or less evci^een in warmer and 
moiater climates, wherever " growing " conditions are prolonged 
through the winter aeason. Thus an absence of Hufficiently 
strongly marked climatic contrasts, with the constant presence 
of moisture, accounts for the presence of evergreens in tropical 
climates. 

The existence of the well-marked and persistent characters 
of "evergreen" and "deciduous" ia therefore primarily due 
to climatic causes. They have thus subsequently become 
fixed and hereditary. 

In addition to these nine claasea of the peculiarities of 
leaves, I mentioned that there were several other special ones, 
Biuch aa spinesoence, tendrils, ascidia, &c. ; but as these have 
been more or leas already alluded to (as in the chapters on 
Desert Plants, Climbing Plante, &c.), further remarks need not 
. now be added, beyond repeating what has been ao often said — 



' Op. cit., p. 9 {tupra, 
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thnt a careful study of each phenomenon always revoals the 
same fact, that the probabilitiea are very much more in favour 
of self-adaptation to the requirementa of the environment in 
each case than is that of any indiscriminate variations, from 
which Natural Selection can pick out a chance individual more 
fitted to survive than the majority of unfitted individuals, 
which are supposed to arise and petish. 

Gbneral Cokclusion. — It would not avail anything to add 
extra chapters on other parallel lines of evidence, such as the 
origin of de])aupeTised states, of parasitic and insectivorous 
plants, &o., materials for which I have at hand; for if a 
reader be not convinced of the truth of my contention with 
the amount of evidence herein brought forward, he would 
probably remain unconvinced, however much might be added. 
On t!ie other hand, I trust that the majority, if not all of my 
readers, will accept the conclusion that the Origin of Species 
is duo to the joint action alone of the two great factors of 
Evolution — Vai-vihiliiy and Eninronment — without the aid of 
Natural Selection ; although we are, and are likely to remain, 
profoundly ignorant of the mysteric 
organism by which it is effected. 
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D. Whitnbv, Secand Edition. Sen, 121. 

Chinese IdJiEnage, Syllabic Dictionary xA the. Arranged 
according to the Wu-Fang Yuen Yin. Wilh the pronunciation of [he 
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S. Wells Williams. 4ft, i,i, ijs. 
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WBNrEL. Stiond Edition. Crown Sot, Sj. 
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Japanese Orammar, Simplified. By Basil Chamberlaih. 
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Basil Chamsbrlaik. nmo, 6s. 

Haadbook of Uodem Arable. By Francis William New- 
man. Post Sdo, 6s. 

Modem Arable, Dictionary of (Anglo-Arabic and Arabo- 
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Vocabulary, Grammar, Notes, eld By J. E. Bddgbtt Mbakih. 
Fcap, 8bd, 61. 

Ottoman Turkish, Simplified Orammar of the. By J. W. 
Rbdhodsb. Cromn Sot, ioi. 6rf. 

Turkish Tade-Uecum of Ottoman OoUoquial Language. 
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Third Edition. 32mo, 6s. 

Orammar of the Khaaai Language. By H. Roberts. 
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A Simplified Grammar of the Oujar&tl Language, togetha 
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AkDBN. S™. 5.. 



i8 Kegan Paul, Trench, TrUboer, and Co-'s 

Oomparative (liammar of the Soatli African Bantu Lajignaj 
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Spanish Reader, New. By Velakquez, Containing Pas- 
sages from the most approved authors. With VoiMibulary. Post 

Spanish Conversation, Introduction to. By Velasquez. 
\2tn0, as. Sd. 

Spanish Language, New Method to Bead, Write, and 

Speak the Spanish Language. Adapted to Ollendorff's system. By 
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Portaguese and English, Orammar of. Adapted to OUen- 
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OollCHittial Portuguese ; or. The Words and Phrases of Every- 
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Dutch Language, Orammar of the. By F. Ahn. i2mo, 
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Reader. ' Third Edition. Crewn 8sk, 2s. 
GL035ARV DK Idioms, Gallicisms, and other difficulties cod- 
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Engllsh-DaniBli Dictiosaxr. By S. Rosing. Crown Zvo, 
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Dano-Norwegian Orammar : A Manual for Students of 
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Norvegiao QTammar, with a Glossary for Tourists. By M. 
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Latin Qranimar for Beginners. By F. Ahh. 12^0, 3;. 
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Anglo-Saxon. — Grammar of tlie Anglo-Saxon Tongne. By 
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Study of Words, On the. By Archbishop Trench. 
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English Etymology, Dictionary of. By H. Wedgwood, 
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Contested Etymologies in the Dictionary of the Rev. W. W. 

Skkat. By H. Wedgwood. Crewn %vo, y. 
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OIoBsaiy of Terms and Fhrasea. Edited by H. Percy 
Smith and Others. Ckeaftr Edition. Medium Svo, y. 6d. 
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Select OloBBaiT of Engliab Words used formerl? In Senses 

Different from the Present. By Archbishop Trench. Seven/A 
EdiiioH, Rniiied attd Enlarged. Fcafi. Bm, 5/. 

Welsh Philology, Lectnrea on. B; Johk Rhys. Second 

Edition. Crirnin Sc«, 1 51. 
AmericaniBma, Dictionary of: A Glossai? of Words and 
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Pulpit Oommentary, The (Old Testament Series), Edited 



various Writer 
OtneaU. By the Rev. T. Wkitblaw, D.D. Introduction to the 

Study of the Old Teslament by Abcudbacon Farrab, D.O. 

IntioductioDi to the Fentiteuch hj the Right Rev. IL CoTTBtttLi., 

D.D. and Rev. T. Whitblaw, D.D. Ninth Bdilien. iji. 
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Deuttronomy. By the Rev. W. L. Albxandeb, D.D. FtttrihEdii 



JndgrsB and Bntli. By the Bishop of Bath and Wells and Rev, jJI 
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I. SlDfi. By the Rev. Joseph Hammond. Fi/tA Edition. 1 
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L CluoiilcI«H, By the Rev. P. C. Bakkbr. Suond Edition. 
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By the Kev, Canon G. Rawlinson. 
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Jot). By the Rev. Canon G. Rawlinson. aii. 
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F Stentd Edition, rjji. 
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Edition, 321710, imth Rid Lines, is. 6d, ; viitkoiit Sid Lines, 
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LOVAT. Crown Soo, S^. 

Pascal's Thoughts. Translated by C. Kegan Paul. 
Siv, Parchment, 12s. New Edilion, Crown Snt, 6s. 
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Discipline, Rites, Ceremonies, Councils, and Religious Oideis of the 
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8w, zii. 

Manual of OathoUe Theology, based on Scheeben's ' Dog- 
matilc.' By Rev. Thomas B. Scannkll and Joseph Wilhelh, 
D,D. awls. &V11. Vol, I. 151. 

What ars the Catholic Claims? By Austin Richardson. 

Introduction by Rev. LuKB Rivington. Crown %vo, 3/. 6rf. 

Authority; or, a Plain Reason for Joining the Church of 
Rome. By Rev. Luscb Rivington. Fifth Editiim. Crown 8ot, 
y. bd. 

Dependence; or, The Insecurity of the Anglican Position. 
By Rev. Luke Rivington. Crvwu Bdo, 51. 
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Sopematoral In Nature, Tbe. A Verification by the Free 

use of Science. By Rev, J, W. Reynolds. Third Edilien, reotscd 
asd mlargid. Siw, 14J. 

•j Rev. J. W. 
Mystery of Miracles. By Rev. J. W. Reynolds. Third 

Edition, tnlargcd. Crtnin ive, 61, 

World to Oome, The. Immortality a Physical Fact. By Rev. 
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The Book of Fsalnts ; or, the Praises of Israel, with Com- 
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The Book of Fsalms. By Canon Cheymb. Elzevir Svo 
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Parables of onr Lord, Notes on the. By Archbishop Trench. 
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Apocalypse: Commentary on the Epistles to the Seven 
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New Testament, On the Authorised Version of the. By 
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Sermons, Now and Old. By Archbishop Trench. Crown 



2(5 Kegan Panl, Trench, Trubner, and Co.'s 



Shipwrecks of Faith : Three Sennons preached before the 
Unireidtr of Cambridge. B; Akckbishop Tkbnch. Fiap. 8iv, 
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By Rev. F. W. Robertson. JVkio Edition, Small ive, 51. 
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Rev. F. W. RoBBRTSON. Nm Edilian. Small Sm, 5/, 
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•,■ Portrait of the late Rev. F. W. Robbrtson, mounted for 
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Oreat Question, The, and other Sermons, By Wiu 
Albxandkh, D. D. , Bishop of Deny, Crevin 8to, 6s. 

Apostles' Greed, The. Sermons by Rev, Robert Em 
CrtnuH Stw, 31. fid. 

True Ufe, The, and otiier Sermons. By Rev, Robert En 
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Iremadoc Sermons ; Chiefly on the Spiritual Body, the 1 
seen Worid, and Ihe Divine Humanity. By Rev. H. N. Gaiiu 
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Disputed Points and Special Occasions, Sermons i 
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OhriBtian Life, Tha Spirit of the. By Rev. Stopfosd A. 

Brookh. Fourth Editien. Crown ive, Sj 
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hj Rev. Stopford a, Bsookb, Sixth Edision. Crmun 8o», " 
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Thirlimth Edition. Crown 81/O, Si, tath. 

Theology in the English Poets — Cowper, Coleridge, Words- 
worth, nnd Burns. By Rev. Stopford A. Erookb. Sixth Edition. 
Post Svo, 51. 

Current Coin. By Rev. H. R. Hawkis. Materialism — The 
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—The Sabbath. Six/i Edition. Crmm Sva, 51. 

Arrows in tiia Air. By Rev. H. R. Haweis. J^i/fA Edition. 

Craan SvB, 51. 

Speech in Season. By Rev. H. R. Haweis. Sixfh Edition.^ 

Crown Svo, 51. 

Thoughts for the Times. By Rev. H. R. Haweis. Fout/eem 
Edition. Cntam ivo, 5j 
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Death— and Afterwards. By Sir Edwin Arnold. Reprinted 
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on Politics. V. and VI. Discourses on Slavery. VII. Discourses 
on Social Science VIII. Miscellaneous Discourses. IX. and X. 
Critical Wilting XI. Sermons on Theism, Allieism, and Popular 
Theoli^. Xn. Autobiographical and Miscellaneous Pieces. XIIL^. 
Historic Americans. XIV. lessons from the World of Matter wiaj 
the World of M«n. 
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Ohristian PoUc; of Life, The, A Book for Young Men of 
Business. By Rev. J, Baldwin Brown. Third Edilion. Crevn 
ivo, 31. 6d. 

Evolution and Scripture. With an Inquiry into the Nature 
of Ihe Scriptures and Inspirilion. By A»thdr Holbqkow, Crewn 
8m, 6s. 

Supernatural Bevelation ; An Essay concerning the Basis of 
the Chiisiiaa Faith. By C. M. Mbad, D.D. Reyal^ve, 14*. 

Holy Encbarist in Great Britain, History of the. By Rev. 

T. E. BaiDGBTT. z vail. Zva, i8j. 



Oliurch Histories. See Ge»eral and Europeah History. 

WORKS ON SPEGULATrVE THEOLOGY, 

PHILOSOPHY, AND COMPARATIVE 

RELIGION. 

Spinoza's Philosophy. Ethic Demonstrated in Geometrical 

Order and Divided inio Five Parts, which treat— (l) Of God ; (2) 
Of the Nature and Origin of the Mind ; (3) Of the Origin and Nature of 
the AITects; (4) Of Human Bondage, or of the Slrenglhof the Affects ; 
■') Of the Power of the Intellect, or of Human Liberty. Translaled 
im the Latin of Spinoza, by W. H alb White. PeslSva, i<>s.6d. 
[PUloBopblcai UUrtuy. 

)pardl'B Philosophy. Essays and Dialogues of Leopardi. 

Translated by CilARLES Edwardes, with Biographical Sketch. Pasl 
Ziio, js. bd. |f tallosoplilaia Utnary. 

Schopenhauer's Philosophy. The World as Will and Idea. 
From the German of Scuopenhauer. By R- B. Haldane and 
J. Kemp. 3 vets,. Post 8w, £2, loi. [FUlwopUiuU Ubraiy, 

Hartmacn's Philosophy. Philosophy of the Unconscious. By 

E. von Hartmann. Translated by W, C CotjPLi.ND. 3 W/., 

b-ZVitSiw, 3lr. 6d. [Philoaophlck] LlbrU7. 
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FicIite'B Philosophr. Characteristics of the Present Age. "By 

J. GOTTLIKB FlCHTE. Tianslaled by W. Sm ITH. /'ml Svc, 6s. 



Bctencg of Suovladse. Tnnslated bj A. E. Krosgee. With a.n 

iQtroauction by Prof. W. T. 1Ia«his. ioi. 6d. 

[FbilosopMcftl LtliTaf?. 
Soleuce of Rlghti. TraDSlated by A, E. Kroegeik, With an Inlro- 

duciion by Piof, W. T. HARRIS, ixs. 6d. [FUlOBopblcal LlbTary. 

Flchte's Popular Worfca. The Nature of the Scholar, The 

Vocilion of the Scholar, The Vocation of Mao, The Doctrine of 
Keligion, Characteristics of the Present Age, Outlines of the Doctrine 
ofl^owledge. With a Memoir by W. Suith, i vols., an. 

[PUIosoDtiloAl Ltbtaif. 

Froblems of Life and Mind. By Geokcb Hexrv Lewis. Si^| 

Sbries I.— Foundatiomufa Cieed. miih. sSs. ^^H 

S&RtBS II. — Physical Basis of Mind. With Iltusl rations, ifo. ^H 
Series III.— 2 vali. 211. 6d. ^| 

By Jahes Mar- 

History of Materialism, and Oriticism of its Present Import- 
ance. By Prof. F. A. Langb. Authorised Translation by Ernest 
C, Thomas. 3 vais. Past Svo, 101. 6rf, coii. [FUlORopbleil Uliruy. 



By Julia Wkdg- 



Positive Philosophy of Anguste Comte. Translated and C< 
deosed by Uarribt MARxiCBAn. 2 vols. Second Edilien. 
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Angnste Oomte and FoBitlTism. By John Stuart Mill. 
Third Edition. Post %vo, y. 6d. [Fbllosopblcal Libruy. 



Moral Order and Progress : An Analysis of Ethical Concep- 
tions. By S. Alexandbr. Sicimd Edilien. Post ive, i^s. 
[PiaiMoplilaBl UtiraiT. 



By Wathkn Mark Wu, 




The Worth of Homaii Testimony. By T. Fitzarthux. 



Man'e Origin and Destin;. Sketched from the Platform of 

the Physical Sciences. By J, P. Lkslkv, Second Edition. Cnmn 



On Trnth. By St. George Mivart. Zvo, i6t. 



By Edith Simcox. 
[FbUOBopblc&l UDnuT- 



Myaterr of Pain. By Jaues Hinton. JVew Edition. Feap. 
Law-Breaker, The, and The Coming of the Law. By Jaues 

Hinton. Edited by MarGABet Hinton. Crvam Svt, 6s. 

FhUosophf and Religion. Selections from the mss. of the 
late Jauks Hinton. Edited by Carolinb Haddon. Sicend 
Edition. Croam 8iw, 51. 

Larger Life, The. Studies in Hinton's Ethics. By Caro- 
line Hadpon. Crevin%VB, y. 

Phases of Faith ; or, Passages from the History of my Creed. 
By F. W. NawMAN, CrimH 8w>, y. bd. 

The Sonl : Her Sorrows and her Aspirations. By F. W. 
NawMAN. Tenth Edition. Post 8w, y. td. 

Ulscellanies. Essara, Tracts, and Addresses, Moral and Re- 
ligious. By F. W. NswMAN. 8w. Vol. I. \as. 6rf. ; Vols. II. and 
in. I2J. each ; Vol. IV. loi. 6d. ; Vol. V. m. 

By W. R, Greg. Sevenleenlh Edition. 

New Edilion with Prefatory Memoir, Edited by 

[PhilQBoplilc&l Library. 



of Life. 
Pesi 8m, ioj. dd. 
his Wife. &. 



Creed of Ohriatendom, TJie. By W. R. Greg. Eighth Edilion. 

zvoU, Post tvo, \y. [PhUoMpblcU Ubraiy. 

MiscellaneouB 'Ebbs.jb. By W. R. Giieg. Two Series. Crown 

%vo, 71. 6d. tach. 

Christianity, Essence of, from the German of L. Feuesbach. 
By Makiah Evans. Second Edition, Past ivo, js. 6d. 

[FblloMpblokl Utmiy. 



Kegan Paul, Trench, Triibner, and Co-'s 



Oonflict between Bellgion and Science, Tbe. 

Draper. Twenty-first Edition. CrawH Sve, 51, 



By J. W. 
[I.S.S. 



AnalTsiB of ReUgious Belief, By Viscount Ambeslev. s 

tiots, , Sve, 301. 

Candid Examination ot Theism. ByPHVsicus. Second Edition. 
Poii Sot, 7j. td. [PWHwopiUoal UUrary. 

By GuicciARorNi, Translated by 

Essays on the Fhilosoph; of Theism. By W. G. Wakd. 

Edited, with an Introduclion, by Wilfrid Wakd. a wis., 8tv, all. 
Creed of Science, Religious, Moral, and Social. 

Ghaha.u. Sccdiid Edition, revised. Crown S110, 6s. 

Seryice of Man, The : An Essay towards the Religion of the 

Future. By J. Cottbr MorisON. Cro^n Sve, 51. 



By WiLLi^H 



Panl of Tarsus, By the Author of ' Rabbi Jeshua.' Crown 



Life of Jesus. By Ernest Renan. Crown Svo, it. 6d. 

Paper covers, U. 

The Apostles. By Ernest Rsnan. Crown 8w, 



6d. 
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Jesus of Nazareth : with a Brief Sketch of Jewish History to 

the Time of His Birth. By Edward Clodd. Second Edition. 
Small trown Zvo, 6s. Special Edition for Schools, i« a parts. 

Childhood of Beligions, including a Simple Account of the 

Birth and Growth of Myths and Legends. By Edward Clodd. 
Xifna Edition. Stsiscd, and partly re-v/Httm. Crown ivo, 51. 
Special Edition for schools, is. 6d. 

Martyrdom of Man, The. 
Edition. 8wJ, Js. 6d. 

History of Religion to the Spread of the TTniveisal Religions, 
Outlines of the. By Prof. C. P. TlKLK. Translated from the Dulcli 
by J. ESTl-iN Carpkntbr. Fourth Edition. Post 8™, 71. 6d. 

[PhllOMphical Ubraiy and Trabner's OrlentAl S«rlM. 

Ten Great SeUgions. By James Freeman Clarke. An 
Essay in Comparative Theology, Bm. Pail L loj. 6A Part U, 
A Compuiion of all Religion*. lOii. 6d. 



By WiNWOOD Reade. Thirteenth 
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Blood-Oovenant, The : A Primitive Rite, and its Bearing on 

Scriptuie, By H. ClAY TrUMBM-I, fifj/ &«), Jj. 6rf. 

PiimitiTe Symbolism as niustr&ted in Phallic Worship ; or, 

The Reproductive Principle. By Hoddrr M. Westkopp, wiih 
IntrodHClion by Major-Gen. FohlONg. 8m. Js. bd. 

Eerpimt Worsliip, and other Essa,;^, with a Chaptei od Totem- 
ism. By C. Staniland Wars. Sk>, ioj. iul. 

Oriental Bdigiona, See Works on Oriental Subjects. 



MYTHOLOGY AND FOLK-LORE. 



V. 6d. 



Classical M3rthologr. — Tales of Ancient Greece. By Rev. 

Sit G. W. Cox. AVru Edition. Small Crown, Svu, 6s. 

t Question and Answer 

I. Fcafi. Sw, 31. 



Man 'ml of Mythology in the Form i 

By Rev. Sir G. W. CoK. New E/iitiir. 



By Rev. Sir G. W. Cox, 



Tales of the Qods and Heroes. 

Sniall CTOum Zve, 31. 6rf. 

Mediieval Folk-Lore, — Fopnlar Romances of the Middle Ages. 
By Rev. Sit G. W. Cox and E. H.Jones. Third EdUitm. Crown 
Sve, 6s. 

Greeko-Slavonic Literature and its Relation to the Folk- 
Lore of Europe duiing the Middle Ages. By M. Gaster. Larg^ 
Past Sva, Js. 6d. 






Bnshman Folk-Lore, Brief Account of. By W. H. I. Bleek. 
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Turkish . Tales. — The History of the Fortr Vezira , 

Story of [he Forty Morns and Eves. Translated from the Tiuliuh 
E. J. W. GiBB. CntwH Sva, loi. 6d. 

Eastern Proverbs and Emblems Illustrating Old Truths. By 

J. LoNo. fell &V0, 6s. [Trubaer's Oriental Serlec 

ladiaa Mrthology. — Vishnu Pnnlu& : A System of Hindu 

Mythology and Tradition. From the original Sanskrit. Illustrated 
by Notes derived chiefly from other Purinis. Translated by H. H. 
Wilson. Edited by Fitz Edward Hall. 5 vols. £1, 41. 6rf. 

Indian MTthology. — Ola^sical Dictionary of Hindn Mjrtho- 

logy add History, Geograpliy, aod Literature. By John Dowson. 

Post Zve, i6s. [TrtilJiier'8 Oriental Berlu. 

Indian llTthology. — OoamOgony, Mythology, etc of the 
Indians in the Vedic Age. ByJOHNMuiR, Third Edition. £l,ls. 

Indian Folk-Lore. — History, Folk-Lore, and Distribution of 

the Races of Ihe North- Western Provinces of India. By Sir H. M. 
Elliott. Edited hy J, Bbames. With 3 coloured Maps. 3 wis. 
Spo, £t, 161. 

Buddhist Birth-Storioe ; or, Jataka Tales. The Oldest 

collection of Folk-Lore extant : being the Jatakatthnvannana. 
Translated from the Pali tent of V. Fausboll by T. W. Rhys 
Davids. Post 6vo, iSi. [Trubnsr's Oriental Series. 

Tibetan Tales, derived from Indian Sources. Done into 
English from the German of F. Anton von Schiefnb». By W, R. 
S. Ralston. Post Svo, 14^. ITrabner'a Oriental Sertei. 

Eormese Folk-Lore.^ — Ancient Frorerbs and Maxims from 

Burmese Sources ; or, The Niti Literature of liurma. By J. Gray. 
fbst Siv, 61. [TriibneT'B Oiienta] Berlei. 

Folk Tales of Kashmir. By Rev. J. H. Knowles. rasi Svo, 
i6s. [Triitmer'i Oriental Serle*. 

Folk Songs of Southern India, containing Canarese, Badaga, 
Coorg, Tamil, Malayalam, and Telugu Songs. By C E. GovER, 
&VS, loj. 6J. 

Japanese Fairy World : Stories from the Wonder-lore of 

Japan. By W. E. GriPfis. With II Plates. Sfuare l6mB, 3s. fid. 

Folk-Lore of China, and its Affinities with that of the Aryan 
and Semitic Races. By N, B. Dennvs- Eiv, ioj. 6d. 

Proverbs and their Lessons. By Archbishop Trsnch, 
Seventh Edition, tnlargid. Fcap. ivo, 4/. 
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Onstoms. — 0-Eee-Pa, A Religious Ceremony ; and 
othei customs of the Mandans. By Georgb Catlin. With 13 
CoJaured Illustrations. Small ^lo, 141. 

Oriental Mythology. See Works on Oriental Subjects. 

WORKS RELATING TO THE OCCULT 

SCIENCES, ANIMAL MAGNETISM, 

SPIRITISM, AND THEOSOPHY. 

Eermea Triamegistus, Ohriatian Neoplatonist, Theological and 
Philosophical Works of. Translated from the Greek by J. D. 
Chaubers. &VS, js. bd. 

HeirmeB TrlsmagistuB. The Virgin of the World. Translated 
and edited by the AuthoM of ' The Perfect Way." Illustrations. ^0, 
imilaliim fianhmeni, loj. td. 



The Kabhidah Unveiled, contaioing the Chief Books of the 

Zohai. Translated by S. L. M. MATHERS from the Latin Tersion 
of 'Kosenroth,' collated with the Chaldee and Hebrew TexL Past 

Magic, Mysteries of : A Digest of the Writings of Elipbas 
LiSvi. By A, E. Waitk. With Illustrations. Sm, Kw. 6d. 

Magic, White and Black ; or, The Science of Finite and In- 
finite Life. By Franz Hartm ANN. Third Edition. Cretan Sve, 
Js. 6d. 

Practical Magic. — The Key of Solomon the King, translated 

from ancient MSS. \a the British Museum. By 5. L. M. Mathbrs. 
With numerous Plates. Crown i\tQ, l^i. 

Alchemy. — LiveB of Alchemystical Fhilosophen, based on 

materials collected in 1815, and supplemented by recent researches. 
By A. E. Waitb. With a Bibliography of Alchemy. 8™, loj. bd. 

Astrology. — Spiritual Hermeneutics of Astrology and Holy 
Writ. Edited by Anna Kingsford, With Illustrations, n^o, 
farchmml, lOi. 6i 

Astrology. — The Astrologer's Ouide {Anima Aslrologics). 

Edited by W, C, Eldon Serjeant, Bed, 71. 6d. 
HypnotiBm, or Animal Magnetism. By Rudolph Heiden- 

UAIN, with Preface by G. J. Ro.manes. Stiond Edilian, Small 

8w, 31. 6d. 
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j^Tiiitia.l Magnetlsiit. 

Edition. Crrain Spj, 51. 

Phantasms of tbe Living. 

MVEKS, ood F. PODMOKB. 

Fbantoms. — Posthumous Hnmaait; : A Study of Phantoms, 

from Ibe French of Adolfbe D'Assier, by Colonel Olcott. 
With Appendii and Notes. Crmn %vo, ^s. td. 

The Eationale of Mesmerism. By A. P. Sinnett. 

%-vo, 3J. 60-. 

Theosophy. — The Occnlt World. By A. P. SmNKTT, Ft) 
Editioit. CrewH Sva, 31. 6d. 

Theosophy, Bdigion, and Occult Science. By Colonel OiCi 
With Glossary of Eastern words. Crown Sot, Js. 6rf. 

Theosophy. ^Incidents In the Iiife of Ikladame Blavatsky. 

Bj A. P. SlNNBTT. With Porlrail. Svo, loj. 6d. 

Theosophy. — Light on tiie Path, foi the Personal Use of those 

who are ignorant of the Eisiern Wisdom. Written down by M. C 

Fcafi. Spo, ir. 6d. 
Bosicrucians, Real History of the, fouaded on their own 

Mamfestoes. By A. E. Waitr. With lUustratioiis. CrvwH ' 

7s. 6d. 
Mysticism,— The Perfect Way; or, The Finding of 

By Anna Kinqsfokd and Edward Maitland. 7%ird 

Eniised. Square iSvia, Ji, 6rf. 

Mysticism, Philosophy of. Translated from the German of 

Cakl du Fuel. By C. C. Massby. i vols. 8w, iMA, 2Si. 

Mysticism.— The Way, the Truth, and the Life : A Hand- 
book of Cbtistian Theosophy, Healing, and Psychic Cultuie. By 
J. H. Dhwey. tos. 6d. 

Mysticism.— The Pilgrims : An Allegory of the Soul's Pro- 
gress from the Earthly to Che Heavenly State. By Cbarlbs Foz,- 
Crovin Sw, Jr. ^ 

Mysticism. — Through the Gates of Oold. A Fragment dfl 

Thought. By Mabel Collins. SmaJt %vo, ^. 6d. J 

Oriental Mysticism. — The Indian Religions; or. Results' 
of the Mysterious Buddhism. By Hargeavb JaNNiNGs. 8to, 

lOJ. 61/. 

Esoteric Philosophy.— The Hidden Way across the Threshold j 
or, The Mystery which hath been hidden fa 
tioni. By J. C SXRRBT. With Plates, /i 
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Oeomfttrical Fsrcholosr i or, The Science of Representation. 
An abstract of the Theories and Diagiams of B. W. Bbtts, By 
LOCISA S. Cooe. Siiteeo Plates. See, Js. 6d. 

Reincarnation, Tbe Idea of Ee-Blrth, By Francesca 

Arundale, with Preface by A. P. Sinnktt. Crown Sen, 4J. 6d. 

Paracelsus, Life of, and tlie SnliBtance of his Teachings. 
By Franz Hartmann. Pml 8™, loi. 6rf. 

Jacob Boebme, Life and Doctrines of : An Introdtiction to 
the study of his works. By Franz Hartuakn. P^it 8», loi. 6d. 



SpiritnallBm. — Miracles and Uodem Spiritualism. By 

Alfred Russsli. Wallace. Sicoad EdittoH. Crmim Siw, 51. 

SpIritnalisoL — Footfalls on the Bonndary of Another World. 

With [lairative Illustratiotis, by Robert Dale Owen. Post %v*, 
71- W. 
Spiritualism. — Debatable Land between this World and the 

Next. By RoBttBT Dale Owen, With Illustrative narrations. 
SecBrid Ediliim. Crown Svo, "js. dd. 

Spiritualism. — Threading my Way : Twenty-seven Years of 

Autobif^raphy. By Robert Dale Owen, Crown 8w, ?». 6rf. 
Chiromancy. — The LoSuence of the Stars : A Treatise on 

Astiolc^y, Chiromancy, and Physiognomy. By Rosa Baitohan. 

&V0, Si. 
Ohiromancy ..—Palmistry and its Practical Uses. By LotJiSR 

Cotton. Twelve Plates, Crown 8™, 21. &d. 
Fortune-Telling. — The Tarot: Its Occult Signification, Use 

in Foctuoe- telling, and Method of Play. By S. L. M. Matkbrs. 

With pack of 78 Tarot cards, 51. ; without the cards, 11, 6d. 



NUMISMATICS. 

Humismata Orientalia, The. Royal 4./0, in Paper Wrapper. 
Part. I.— Ancient Indian Weights. By E. Thomas.' With a Plate 
and Map, 9J. 6d. Part II. —Coins of the Urtuki Turkumins. By S. 
Lane Poole. With6 Plalea, gj. Part III^— Coinage of Lydia and 
Persia. By Barclay V. Head, With 3 Plates, icw. 6d. Part IV. 
—Coins of the Tiiluni Dynasty. By E. T. Rogers, With i Plate, 
y. Part V.— Parthian Coinage. By Pbrcv Gardner. With 8 
Flatet, lis. Part VI. — Ancient Coins and Measures of Ceylon. By 
T. W. Rhys Davids. With i Plate, loi. 
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Vol. 1. contBinicg the GiEt lix porta u ipeciSed above. I{«jral 4IP, 

half-h<»tnd, £3, 13s. id. 
Vol. II, Coins of the Jew* : being a hutoiy of the Jewish coinage in 

the Old and New Teslantents. By F. W, MaddbN. With 279 

Woodcuts and Plate. Jieyal 4/0, ^z. 
Vol. III. Part I.— The Coins of Arakan, of Pegu, and of Burma. By 

lient. .General Sir Asthur Phavrb. Also contains the Indian 

Balhara and the Aribian lotereourse with India in the nialh and 

following ceotuiies. By Edwakd Thomas. With 5 Illastiatioiu. 

Boyal 4/0, 81. 6d. 
Vol. III. Part II.— The Coins of Soulhera India. By Sii W. Elliott. 

With Map aod Plates. Royal Ala, 151. 

Hiuuifimata Orientalia. Illustrated, Fifly-seven Plates of 
Oriental Coins, Ancient and Modem, from tbc collection of the late 
WlLLlAU Marsdbn, F.R.S. Engraved fiom drawings niade 
his directloBi. 4/11, 311. 6J, 
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GENERAL AND EUROPEAN HISTORY. 

Christian Origins. — The Bise of Ohmtendom, By Edwin 

Johnson. Scut, 141. 

Early Britain. — The Celt, tbe Roman, and the Saxon 

History of the early inhabitants of Britain down to the conversii 
the AnflO'Saions to Christianity. By Thomas Weight. Cerruttd 
and Enlarged Edition. With nearly 300 Engravings. Crmm Srw, 91. 

The History of Canada. By W, Kingsford. Vol. i. 1608 
16825 'ol' ii' '679-17*5; Tol- iii- 1726-1756; vol. iv. 17S6-1763 j 
vol. V. 1763-177S- With Maps, a™, 151, taiA volume. 

Lectures to American Audiences. By E. A. Freeman. 

I. The English People in its Three Homes. II. Practical Bearings 
General European History. Foil ivo, &. 6d. 

The White King ; or, Charles the First, and Men and Women, 

Life and Manners, etc. in the first half of tbe seventeenth century. 
By W. H. Davenport Adams. 2 vols. Siw, xu. 

The London Charterhouse : Its Uonks and its Martyrs. 
Dou Lawkencb Hbndriks. Illustrated. Siw, 151. 

Ireland, Short History of By C. G. Walpole. With 1 
Maps and Appendices. Third Edilien. Cmvin Sue, 6s. 

Tno Oentnries of Irish History. With Introduction I 

JAS. BIYCB, M.r., Sep, 161. 
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Ireland. — Celtic IrelancL By Sophie Bryant. With 3 
MxpE. Crown &vii, ^s, 

France and the French in the Second Half of the Nineteenth 

Century. By Karl IIillebrand; Tianslaled fiom the third 
German Edition, fast Svo, icu. 6J, 
Pope Joan: An Historical Study, from ihe Greek of Emmanuel 
"y C. H. Coi 



BefoTmation.^Lectnres and Papers on the EiBtory of the 
Refonnalion in England and on the Continent. By Aobrby L, 
MOORI. &va, t6r. 

Sonth America. — Spanish and Portuguese South America 

during the Colonial Period. By R, G. Watson, h vols. Fast 

Stm, 211. 
EgTptian Revolution, Hlstorr of the, firom the Period of the 

Mamelukes to the death of Mohammed Ali. By A. A. Paton. 

Stcimd Editiim. i vols, 8iw, 7j. 6d, 
Trade GuildB.— History and Development of Ouilds and the 

Origin of Trade Utiions. By Lnjo Bbentano. Sot, 31. 6rf. 
Tithes, History of, I^om Abraham to Queen Victoria. By 

Hbnrv W, Clark. Cr<rain &710, $1. 
OnstaTus Adolphns in Gtermany, and other Lectures on the 

Thirty Yeats' War. By Archbishop Trench. Tiird Edition, 

tnlargtd. Flap. Ziio, is. 
Medieval Ohorch History, Lecturea on ; being the substance 

of Lectures delivered at Queen's College, London. By Arch- 
bishop Trench. Second Edilion. Svo, I2J. 

Seligious Life of England, Betrospect of the ; or, Church, 
Puritanism, anJ Free Inquiry. By J. J, Taylkr. Second Edition. 
PeitSva, 71. 6rf. 

The Early History of Salliol Oolleea. By Frances de 

PARAVICINI. 8V0, tXS. 

History of St. Ilartin'a Ohnroh, Canterbury. By Canon 

C. F. RoUTlRDGtt. CrBVin 8vo, $!. 

The Malting of Italy, 1866-1870. By The O'Clery. 8w, 

I5i. 

The Iriah in Britain from the Earliest Times to the Fall 
and Death of Patnell. By JOHN Denvir. Cron-n 8™, 6j. 
6 Uartyrdom of Man, By Winwood Reade, Four/eenlh 
Edition. Crtvin B™, 71, 6rf. 
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Popular HistoTT of tlie Mexican Feoplo. By K. H. 

CROFT. Sot, ISj. 

Aflglo-Jewiali Historr, Sketches of. By James Piccio' 

Scripture Hiator; for Jewish Schools and Families, Manual 
of. Ky L. IS. Abrahams. Wiih Map. Crown 8™, u. dd. 

Blunders and Forgeries : Historical Essays. By T. 
Beidobtt. CnnoH Son, 61. 

The Gypsies. By C. G. Leland. Crown Bw, lOf, 6rf. 

Oriental History. See Works on Oriental Subjects. 
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TRAVELS, VOYAGES, AND QUtDE-BOOKS. 

Eiinatorlal Africa. Tlie Kilima-Njaro Erpedition : A Record 

of Scientific Eiplomtion in Eastern Equatorial Afiio. By H. H. 
Johnston. Wiih 6 Maps and So II lust ral ions. Svt, 21s, 



South Africa. — Matabele Land and the Victoria Falls : A 
Naturalist's wanderings in the interior of South Africa. By Frank 
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Ethics. — Moral Order and PtogreSB : An Analysis of Ethical 

Conceptions. By S. Alexander, Fosl Svo, 141. 

[PlUloHplileal Ulimy, 
Ethics. — Principles of Natural and Supernatural Morals. 
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35 IllustratiQn^ Square t6nr«, $1, 
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ART AND MUSIC. 

of Painting, with Numerous Illustrations. By 
Alfred Woltmakn and Karl Wogrmann. Jiftdium Sve. 
Vol. I. Painting in Antifjuity and the Middle Ages, *8j. Vol. 11. 
The Painting of the Renascence, 4I]. The two volumes may be had 
bamd in clalh, milh bevilUd btardt and gilt {texts, prici 301. and 45^. 
n^ativtlji. 

mrses. By Sir Joshua Reynolds. Edited by E. Gosse. 
MItevir Sm (Parchment library). Vellum, Js. 6d. ; farchmiHt or 
clelh, 6s. 

Painting, Lectures on. Delivced to the Students of the 

Royal Academy. By Edwabd Armitage. Crmnt 8i«, ^s. 6d, 

Academy Lectures. By J. E. Hodgson. Crown Svo, p. td. 
Jolin Leech: Artist and Humourist. By F. G. Kitton. 

iSmo, IS. 

^ Qeorge Cniikshank, Essay on the QeniUB of. By W. M. 

Thackbbay. Keprinted verbatim from the IValminsUr Review. 
• ■ With 40 Illustrations. Rnyal ¥,iia, 75. bd. 



By W. D. HowELLS. 
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ftsdent Scnlptnre, History of. By Lucy M. Mitchell. 

With Dcmerous Iltustiations. Sufer-tvyaf Sve, 4Jt. 

Bric-^Bmc : Being some Photoprints illustrating Art Objects 
al Gowet Lodge, Windsor. Wilh Letlerpresa Descriptions. By 
LOKD Ronald Gowub. Supir-royal 8iw, \y. ; txtra binding, an. 

Aestlietica. — The Science of Beauty : An Analytical Inquiry 

into Ihe Laws of Aesthetics. By A. W, IIolhes.Fokbbs. Second 
Edilion. Post 8iw, 31. bd. 

Old Masters, A Little Girl amons the. 

With 54 Plntes. ObloHg crewn Sen, loj. 

Artbts of the Hineteenth Century and their Works. By 
C E. Clkmbnt and L. Hotto.n. 3050 Biogtaphical Sketches. 
Third Eiiiliim, rtvisid. Crmun %vB, 151. 

Music, Philosophy of: Lectures delivered at the Royal 
Institution. By W. P01.K. Scicnd Edition. Pobi 8™, ^s. 6,i. 

[PUlMophtwU Utirary. 

Theoiy of Sound in Its Relation to Music By Professor 
p. Blaserna. With nuraeroui lUustraiioni. Fetirti Edititm. 
Crown Sve, 51. [I. S. 8. 

Music and Action ; 
Rhythm and Pilch, 1 

Organ Stops, Explanation oi, with Hints for Effective Com- 
binations. By Carl Lochbr. 8m, 51. 



POETRY AND BELLES-LETTRES. 

Poetical Works of Lewis Morris. New and Chiafer Edttk 

5 vols. /cap. 8w, Sj. eack. 
Bonga of Two Worlds. Thirteenth Edititn. 
The Epic of Hada*. Twenly-tMrd Edition. 
Owen BUd The Ode of Llftt. Seventh Edition. 
SonK* Unanng and QyotA, Fifth Edition. 
Gooes of Btltatn. Third Edition. 
Foetlcal Worb. In i eel. imnt Stfo, 6s. ; tlolk extra, gill leaves, li. ii, 3 
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Tbe Eplo of Hadas. FicsenUtion Edition, t/o, cUlh extra, gilt leaves, 

KM. bd. 
Zhe Epio of Hades. Blteoir %ve, doth extra, gilt tap, St. 
Birtaaay Book. Edited by S. S. CoFEMAN. With Frontispiece. 

32mD, d^//i txtra, gilt edges, 21. ; cloth limp, is. 6d. 
A Vision ot Saints. Fcap. Sva, 6s. 

Foetical Works of Sir Edwin Arnold. Uniform Edition. 

comprising The Light of Asia, Indiaji Poetry, Pearls of the Faith, 

Indian Idylls, The Secret of Death, The Song Celestial, and With 

Sa'di in the Garden. S tioli. crown 8iw, 4S/. 
In H7 Lad;'* PralM. Poems old and new, written to the bonoui of 

Fanny Lady Arnold. Imperial iBma, parcAiHent, 31. 6d. 
mdlan IdyUg, from the Sanskrit of the MahftbhSrata. Crojnn Sve, 71. 6d. 
Indian Foatry, containing the Indian Song of Stings from the Sanskrit, 

two tiooks fiom the Iliad of India, and other Oriental poems {O. S.). 

Fifli Edition, js. 6d. 
Lotus and Jewel Containing In an Indian Temple, A Casket of Gems, 

A Queen's Revenge, with other poems. Second Edition. Crown 

8i«>, 71. bd. 
PearU or the Faith ; or, Islam's Rosary; being the ninety-nine beauti- 
ful names of Allah. Fourth Edition. Croum ivo, "js. fid, 
Foema, National and Non-OrLsntal : with some new pieces. Crovin 

Stw, 7e. 6d. 
The Light of Asia ; or. The Great Renunciation : being the Life and 

Teaching of Gautama. PresenicUiim Edition. With Illustrations 

and PortraiL Small ^to, i\s. Library Edition, crown^vo, 71. 61/. 

ElitBir Edilien, 61. Cheap Edition (Lotos Series), cloth arhalf- 

parchment, y. bd. 
Xb» Secret of Death : being a version of the Katha Upanishad, fjrom 

the Sanskrit. 7'kird Edition. Crown &vo, 7j. 6d. 
Iba SoDg Celestial ; or, Bhagavad-Gili, from the Sanskrit Second 

Edition. Crown SO0, 51. 
TiUi Ba'dl In the Oardsn ; or. The Book of Love : being the ' Ishk ' 
I third chaplci of the ' Boston ' of the Persian poet Sa'di ; embodied 
1 a dialogue. Crown ivo, js. hd. 
Works of William Sbakspere. Avon Edition. 1% 

ols. Elievir Siw (Parchment Library). Vellum, 71. &/, per vol. ; 
Parchment or cloth, 6s. per vol. Cheap Edition, is. 6d. per vol. 
V* The Cheap Editioti may also be had complete, 12 vols, in cloth box, 
.. or bound in 6 vols., 15;. In one volume, with Glossarial Index, 
royalivo, 71. 6d. 

s Poems. By Mrs. Furnrss. iSi. 



The Works of WUliam Shakspere— Ccwrt'nKiif. 
A Sev Varlonun Edition of SbalcMpearA. Edited by Hokacb 

HowAKD I'URNESS. Vol. I. 'Roitieo,' Vol. ii. 'Macbeth,' Vols. in. 

and IV. 'Hamlet,' Vol. v. 'Lear,' Vol. vi. 'Othello,' Vol. vn. 

'Metehant ofVeniee,' Vol. vni. 'As You Like It' iSs.tiuAwL 
BOiuwtB. Edited by EnivAHD Dowdbn. With Ftontiapiece. El-nevir 

%ixi (Parchment Library). Velbtm, is. td. ; PanAmenl ar chlk, it. 
Index to Shakespeare's WdtIu. By E. O'Connor. Cnrwn Sno, jr. 
Shakespeare Claasloal Dictionary; or. Mythological Allusions in the 

Plays of Shakcipearc explained. By II. M. Selby. Fcaf. Sva, 
Bhakspers ; a Critical Study of his Mitid and Art. By Eowi 

DowDKN. NiNli Edilion. Large post &7ie, its. 
ShakeBpeare, and other Lectures. By Geosgb Dawson, Editbd 

Georqe St. Clacr. Latgc crcnon %v0, 71. &f. 
The Poetical Works of John Milton. 2 v> 

(Parchment Library), Velium, Ts. dd. ; Farchmtnl Brclelk, St, 
Bonneta, Edited by Mark Pattison. Wth Portrait. Elumr 8w 

(Parchment Library). ViUum, 71. 6d. ; Pankmtnl or clelh, 6s. 
Claaoer'B Canterbury Tales. Edited by A. W. Pollard- 

2 voli. Elzevir %vo (Parchment Library). VtUum, \%s, % Parth- 

inent or clolh, 121. 
Csuiterbnry Chlmen ; or, Chaucer Tales retold to Chiltlren. By F. 

Storr and H, Turner. With 6 IllustralionB from the Ellesmere 

Manuscript. Third EdUiin. Fcaf. Siw, 31. dd. 
Poema of P. B, Sheller. Edited by Richard Garnett. 

With Frontispiece. Eltevir %vb (Parchment Library). Vtllui. 

7j. dd. ; Pankment or cletk, 6s. 

The Poetical Works of John Seats. Edited by ^ 

Arnold. Lar^e crown Zvo. Choicely printed on hand-made 

With Etched Portrait. Vtllum, 151. ; Parchment er clath^ \2t. ' A'ew' 

Edition. Crown Sim, cloth, 31. & 

Selected Poems of Matthew Prior. Edited by Austin 
DOBSON. EUevir Sva (Parchment Library.) Villuin, "ji. 6«£ j 
Parchment or cloth, 6s. 

Fables of John Oay. Edited by Austin Oobsoh. 

Porliaii. Elzevir 8w (Parchment Library). Vellum, Js. t 
Parchment or cloth, 6s. 

Selections &om Wordsworth. By William Knight an^ 

other Members of the Wordsworth Society. Printed on hand-ni *' 
paper. Large crmiin Svo, With Portrait. Vellum, 
mcHt, 12J. Cheap EdUioB. Crawa &do, 4s, 6d. 
Wordaworth Blrthdar Book. Edited by Adelaide and ViOLi 

WokdsWORTK. linFP, 2s. ; c/olh limf, is. 6rf. 
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Works of Bir Henry Taylor. 5 voh. crown %vo, 30J. 
Philip Tftn ATteTeldB. Ftap. Zvo, 3^. bd. 
The VUgm Wiflow, etc. Fcap. %ve, 31. fxL 

The Poems of Ebenezer Elliott. Edited by his son, the 
Rev. Edwin Elliott, of Si. John's, Anligua. 3 vols. irownSne, i8j, 

Poema by W. Oullen Bryant. Cheap Edition. Smali9,vo,y.6d. 

Poems of Edgar Allan Poe. Edited by Andrew Lang. 
With Frontispiece. Elsevir Siva {rarchment Library). I'tlUim, 
^s. td. i Parckmml or doth, 61. 
n» Baven : wilh Commentary by JOHN H. Ingram. Craam %vb, 
fiorchmtnt, 6j. 

Poems by Archbishop Trench. Tenth Edition. Fcap. Svo, 

Js. 6d. Library Edition, i Tiob. small 8va, tas. 

Sacred Latin Poetry, chiefly Lyrical. By Archbishop Trench. 
Third Edition. Corrected and Improved. Fiaf. 8iw, ^s. 

Household Book of English Poetry. Edited by Archbishop 

Trench. Fourth Edition, revistd. Extra/rap. 8i«, Sj. 
English Verse. Edited by W. J, Linton and R. H. Stoddard. 

S vols, crotvn %vo, 5i. tach. 

ObBQCer to BorDH. Translations. Ljrics of the innetecntli Ceutniy. 
Dramatic Sceaes and Characters. Ballada and Etomances. 

Bare PoemB of the Sixteenth and Seventeenth CenturieB. 

Edited by W. J. LiNTON. Crown Svo, Jj. 

English Lyrics. Ehevir Sva (Parchment Library). Vellum, 

71. 6d. ; Parchment or eluth, &. 

English Sacred Lyrics. Ehevir %vo (Parchment Library). 

Vellum, 7s. bd. ; Parchment or cloth, 61. 

'Selected Poems of Robert Bums. With an Introduction by 
Andrew Lang. Ehevir &vo, vellum, 7s. 6d, t Parciment or cloth, 
(Parchmeot Library). 

By the late Earl of Lytton. With 32 Illustrations. 
ifime, 4J. 6d. 
Xtbymes &om the Russian. By John Pollen. Transla- 

from llie best Russian Poets. Crirwn Zvo, 3j. 6d, 

English Odes. Edited by E, Gosse. With Frontispiece. 

Elievir &ve (Parchioent Library). Vellum, 7s. 6d, ; Parehmatt or 

cloth, 6r. 
Living English Poets. With Frontispiece. By Walter 

CraNB. Second Edition, Large crown ^o, printed on hand-madi 

paper, vellum, ly. ; cloth, lis. 
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Sea Song and Biver Ehjnue, £roin Cbaacer to TennTBon. 

With Twelve Etchings. Edited by Estkllb Adams. Large crown 
8iw, lOB. bd. 
Breitmann Ballads. By C. G. Leland. Only Complete 
Edition, including 19 Original Ballads, illustrating his trsvets in 
Europe. Crmen Zm, fij. Another Edition (Lotos Series), y. 6./. 

aaudeamus : Homorous Poems from the German of JosE 
Victor Scheffkl and others. Translated by C. G, Lelans, 

Pldg^-Elnslish Sing-Song; or, Songs and Stories in the 
Chinn-Engli.sh dialect. Sceond Edition. By C G. Lblahd. Cnran 

Ballades in Bine China. By Andrew Laxg. Elzevir Zve, %s. 
Rhymes it La Mode. By Andrew Lang. With Frontispiece 

By E. A. Abbey. Stcend Editien. Elzaiir Stm, SJ. 

Poems of Rural LIA in the Dorset IMaJie(;t. By WilliahI 

Barnes. New Edition. Crown 8iw, 6j. 
Old World Idylls, and Other Verses. By Austin Dobsos. 

Eltevir %vo, gill top, 6j. 

At the Sign of the Lyre. By Austin Dobson. Elzevir 
iva, gilt lof, 6j. 

Birds and Babies. By Ethel Coxhead. With 33 Illustra- 
tions. Stiond Edition. Imperial i6mii, cloth gill, 2J. bd. 

The Christian Year. By J, Keble. With Portrait. Elzevir 

Siw (Parchment Library). Uellum, -js. 6rf. ; Pankmcat or clofk, 6t. 
The Poems of Wilfrid Scawen Blunt. 

THe Wind and the WMriwind. Svo, r.t. 6rf. 

ThB liOTB Sonnets of Protons. Ei/ti Edition. Elitvir 801), 51. 

In Vlnculla. With Portrait, Elievir 800, 51. ' 

A Kew PUgTlmage ; and other Poems. Elzevir Svo, 51. 
Book of Chinese Poetry. By C. F. Romilly Allen. Bein|; 

the collection or Ballads, Sagas, Hymns, and Other Pieces known M 

the Shih Ching, metrically translated. Svo, l6s. 
Shadows of the Lake, and other Poems. By F, Leytos. 

Second Edition. Crovm Sw, Jj. 
The Foems of Mrs. Hamilton King. The Disciples. Tentk 

Edition. Ehrair Svo, 6s. ; Small Svo, 5/. 
A Book or Dreams, Third Edition. Crown S-eo, 3/. 6d. 
Sermon in the Hospital (fiom 'The Disciples'). Fcap.%vo,\i. Ckeaf.^ 

Edition, yl. ■ - 

Ballads ofths North ; and other Poems. Crown Svo, y. 
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A Lover'a Litanies, and other Poems. With Portrait of 
Aalhor. By Ekic Mackav. (Lotos Series), 31. 6d. 

Goetlie's Faoat, Translated from the German by John 
Anstbr. Wilh an Introduction by Bordett Ma50N. With lilus- 
Irations (18 in Black and While, 10 in Colour), by Frank 
M. Gregory. Grand plU^ £l, 31. 

Frencli LjrricB, Edited by George Saintsbury. With 
Fronlispiece. Elsaiir %iio (Paichinent Library) Vellum, ^l. 6rf. j 
Parihment or ilolh, 61. 

Foema \cf AJ&ed Ourney. The Vision of the Eucharist, and 
othei Poems. Crovm 800, 51, 
A OUrlBtmu F&e:int. Small Sve, Si. 

VoloeE from Oxt Half SspoIdirB, aai other Poems. Crtum Siw, $1. 

Poems by Edmund Oobb& New Poems. Crewn 8iw, ys. 6d, 

nidaiul In Exile, and other Poems. Secmd Edition. Ehevir Snu, 

gilt top, 6j. 
On 7I0I Knd Plata ; Lyrical Poems. With Frontispiece by L. Alma 
Tadema, and Tailpiece by Hamo THQRNyCROFT. Elsevir &va, ts. 

London Lyrics. By F. Locker, Tenth Edition. With 

Portrait. Elzevir Sva, doth ixira, gilt top, 51. 

EngliBli Oomic Draiaatista. Edited by Oswald Crawfurd. 

Eheoir %VQ (Parchment Library). Villum, Is. 6rf. ; Farchiumt or 
cloth, 6s. 

Poems by Tom Dutt, A Sheaf gleaned in French Fields. 



or HlmlllBtui. With an Introducloiy 
iScto, cloth extra, gilt top, Ji. 

By William 
By A. 



I^Jl Si 
^~Lyri< 



A Sixangs Tale of a BcarabEeus, and other Poems. 
C. p. Haggard, Crovrn %vo, y. 6J. 

Bong-Book of the Soul By Marjory G. J. Kinloch. 
Crown 8m, ji. 

lea ajid other Foeme. By Lady Lindsay, Second Edition, 
Eltevir Siw, 51. 
Ims of the West Smalli,vo, is. 6d. 



3 de la Valli^, and other Poems. 
Tynam. Small &ca, 2s. (tJ. 



By Kathebine 
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By Kathejune Tvnan. Smali ive, 5J. 
Ballads and Lyrics. By Katherine Tynah. Small 8vo, 5 



Oajmela; or, The Plague of Naples. 



Crown Svff, as. 1 

By W. SCOTI 



The Marriage of the Soul, and other Poems. 

Elliot. Crown Si'J, SJ. 

Beasty and the Beast ; or, A Rough Outside with a GentUl 
Heait. A Poem. By CHAKLEii Laub. fiaji. 8va, vdlum, 11 

In HaniB of Leisure, By Clifford Harrison. 
Editiim. Crmim Sive, ^s. 

J Sir Alfred Lyall. 



Analysis of Tennyson's 'In Memoriam,' (Dedicated by p 
mission lo the Poet Laureate.) By F. W. Robbrtson. Fcaf. 81M, 3! 

India Revisited. By Sir Edwin Arnold. With 3a 1 
page Illustrations. Crmiin %vo, Js. bd. 

Milton's Proas Writings. Edited by E. Myers. Elzevir 

Sot (Parchment LiLitary). Vellum, Js. 6d. ; Parchment or cloth, 6l 

Select Letters of Shelley. Edited by Richard Garnett. 
Elitvir &V0 (Parcbment Library). VtUum, Jj. dd. ; Parchmmt et 
cloth, 6s. 

Oalderon-^Essay on the Life and Clenins of Oalderon. 

With translations from his ' Life 's a Dream ' and ' Great Theatre of 
the World.' By ARCiimsiioP Trench. Second EditUn, reoistd 
and intprgtitd. Extrafcap. %va, 51. 6i 

Oonfesaions of an English Opium Eater. By db Quincey. 

Edited by Richard Garnett. Elievir 8w (Paithment Library). 
Vclium, 7s. 6d. i Parchment or e/oti, 6s. 

A Word for the NaTy. By Algernon Charles Swinburne. 

(Only zsa Gjpies printed.) Impirial iGrwo, paper eovtrs, 51. 

Biglow Papers. By James Russell Lowell. Kdited by 
Thomas Ht;GHK3, Q.C. Fcap. ivo, is. dd. 

Robert Browning. — Studies in the Poetry of Robert Brovninf. 
By James FoTHBttiNCHAM. Second Edition. Crtnim %vo, 6r. 

Lost Leaders. By Andrew Lang. Crown Svt>, $t. 
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Ooldsmitli's Vicar of Wakefield. Edited by Austin Dob- 
son. Mlzcvir Spo (Parchment Library). Vellum, 71, 6d. ; Pai-ch- 
mcnlorclelh, 6j. 

Eighteenth CentiUT EssaTS. Edited by Austin Dobson. 
Wilh Frontispiece. Ehcvir 8m (Parchment Library). VellHm, 
■js. 6,f, ; Parchment or dolh, 61. Chtap Edition. Fcap. %vo, Xs. dd. 

Four Centuries of English Letters : A Selection of 350 

Letters by 150 Writers, from the period of the Taaton Letters to ihe 
present time. Edited by W. E. ScooNES, Third Edilian, Large 

Munchausen's Travels and Surprising Adventnies. Illus- 
trated by Alfred Crowijoill. (LoIob Series), 3J. dd. 
Specimens of English Prose Style bom Maloiy to Macaulay, 

Selected and Annotated. With an Introductory E^ssay by Georgi! 
SaintsHURV. Large crBvm Siw, printed sa kand^made paper, 
■Billum, 15J. ; Parehmtnt antiqui er cloth, lis, 

Macaulay's EssaTS on Uen and Books : Lord Clive, Milton, 
Earl of Chatham, Lord Byton. Edited by Alex. H. Japp (Lotos 
Series), 31. dd. 

The Countess of Pembroke's Arcadia. By Sir Philip 

SlDNBV, Kl Edited by H, Oskar Sommer. The original 4/a 
Edition (1590) in Pholi^raphic Facsimile, with Bibliographical 
Introduction. 
Oarlyle's Sartor Eesartufl. Ehevir 8»a (Parchment Library). 

Vellum, -JS. 6rf. ; Parehmenl onlotk, 61. 

Swift's Letters and Journals. Edited by Stanley Lane 

PooLB. Elzevir 8vo (Parchment Library), Vellum, Js. 6J. ; 

Parchntmt or cloth, 6s. 
Swift's Prose Writings. Edited by Stanley Lane Poole. 

with Portrait. Elzevir Svo (Parchment Library). Vellum, j). 6d, ; 

Parchment or cloth, (a. 

Vagabundull Libellus. By John Addington Syuonds. 
CrowH Sso, 6j. 






Disraeli and His Day. By Sir William Fraser, Bart 
Second Editioti, Poil Siio, gs. 



NOVELS AND WORKS OF FICTION. 

fovelB By G«orge MacDonald. 
Donal OTEUit. With Frontispiece. Crvzan 8vo, 6s. C/iiap Edit, 

y.6d. 
Home Again. With Frontispiece. Crown Svf, 6s. 
fluUa W«rloofc. Wilh Frontispiece. Crmim 8iw, 6s. Cheap Edit 
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Novela by Oeorge Macdonald — Continued. 
Hftlcolm. With Portrait of the Author engraved ouSteeL Cro7iinSm,6s. 

Cheap Edition, 31. 61/. 
Tbe VarqolB cf LobsIb. With Fionlispiece. Crvam- %vi>, &f. 

Edition, 31. &f, 

St. Georee and St. BHchael. With Frontispiece. Crown Svo, 61. 
B Mine 'a Mine. With Frontispieee. Cman Siw, 6j'. 



fu'.Vi: 



(. ei. 



Annals o( a Quiet NelKbtwurliCHid. With Frontispiece. Cnram Sm, V 
Tbe Seaboard Parlfh : a. Sequel to ' Ajioals of a Quiet Neighbourboo 

With Frontispiece. Cnram 8™, 6s. 
Wllfiid Gumtiermede : an Autobiae;caphical Stoi?. With Fioj 

piece. Crown 8m, 61. 
ThomaB Wlnsfold. Cuate. With Frontispiece. Crown Siw, 6j. 
Paul Faber, Bnrgwn. With Frontispiece. Crown 8m>, (n. 
tlw Elect L&d7. With Frontispiece. Crown Siw, 6^-. 
Tb«re and Bade With Frontispiece. Crown 8z^, 6s. 
Fl^t of the Sbodow. With Frontispiece, Crown Siv, 61. 

Hawthorne's Novels aaid Tales. — Works. By NathanibJ 
Hawthorns. Complete in 12 vols. Largtpest %vo, is.6d.ti 

Hovels by Ool. Meadows Taylor. 

Seeta ; A Novel. With Frontispiece. Crown Svo, 6j. 

Tlppoa eultatia : A Tale of the Mysore War. With Fronlispiea 

Kalph DamoIL With Frontispiece, Crown 8vo, 6s. 

A noble Queen. With Frontispiece. Crown &vo, 6s. 

The ConfesBiou of a Thus. With Frontispiece. Crown 8iv, 6] 

Tora : A Maiuitta Tale. With Frontispiece. Crown %vo, 6s. 
Novels by Hesba Strettoo. 

David Uoyd'a Last WllL With 4 lUustratians. Nob EdtUen,' 
Royal \6mo, is. 6d. 

Ttiriiugh a HeeOle'B Eye : A Story. With Frontispiece. CnnntScv, 61. 
Novels by Maxwell Qray. 

In the Heart of the Btoim. With Frontispiece. Crown Svo, 61, 

The Beproitcb of Auuesley. With Frontispiece. Crown 8iv>, 6s. 

Silence of Dean UalUond. With Frontispiece. Crown %vo, 6s. 
Novels by Kowlaitd Grey. 

In Bunny Bwltzerlond; A Tale ofSix Weeks, Se<ond Edition. 
Svo, Jr. 

Undenblnnieii, and other Stories. Smail Svo, 51. 

By Virtue ot Hli OSoe. Cream 8w, 6s. 

Jacob's Letter, and other Stories. Crown Evo, 6s. 
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Novels b7 ' Tasma..' 

A Sydney Sonrelgn, and other Tales. Crown 8vt, cleth, 6s. 

In Het EttrlleBt Touth. Cheap Edition. Cnrwn Sitri, 6r. 
Hovels by Lucas Malet, 

Oolonel SndflTby'BWlfe. With Fcoatispiece. Cnmn Sua, 6s, 

A Counael or PwfBotloa. With Frontispiece. Crawn Sw, fti. 

Little Peler ; a Christmas Mornlily for Children of any a^. With 
numerous Illustrations. Fanrlh Thousand. Jj, 

Stories by Mrs. G. S. Beaney. 
TaklDK mU WotMob ; or. From Girlhood to Womanhood. Niw and 

Cheaper Editicn. With Frontispiece. Crown Sso, 31. 6d. 
Bleudns and Bleiwd : « Sketch of Girl Life. New and cheaper Edition. 

Crown ivo, 31. bd. 
KOM Qomey'i DIicovbit: a Story for Girls. Dedicated to their 

Mothers. Cromn Siw, Js. &t 
BDgiUsh Olrls : Their Place and Power. With Prefcee by the Rev. R. 

W, Dale. Fi/ih Edi/ion. Fcap. i-vo, 21. 6rf. 
Just Any One, and other Stories. With 3 lUusUatioDS, iftmo, 

\s.(>d. 

Wllllt, And other Stories. With 3 lUtutrations. ifiBui, 

With 3 Illustrations. i6«w, 

Tbe Prig. — Black is White'; or. Continuity Continued, zs. 6d. 
Tt8 Prlgment; 'The Life of a Prig,' 'Prig's Bede,' ' How to make a 

Saint,' 'Black is White.' Second Edition. In i vol. creait&vt, y. 
A Romance of Uie BecuBanti. Crown Siw, y. 
Sultan Stork, and other Stories and Sketclies, 1829-44. By 

W. M. Thackeray. Now hrat collected, to which is added the 

Bibliography of Thackeray. Large Sw, 101. 6rf. 
In Uie Wrong Paradise, and otber Stories. By Andrew 

Lanc. Crown 81W, 6j. 
EicheB or Ruin. A Story. By the Author of 'The Prig- 

ment.' Crovin ivo, 3J, 6d. 

Egosophy. By the Author of 'The Prigtnent.' Crmvn 
itio, 3J. 6d. 
^^ Strange True Stories of Louisiana.. By G. W. Cablb. Svo, 
^^^ V.6d. 

^^■Rmth Africa. An L D. B. In South Africa. 
^^^B VESCELltTS-SuELsON. Illustrated. Crown Szio, Js. 6d. 

^^BCnluland.- 



ptnluland.— Yankee Oirls In Zulnland. By LoxnsE Ves- 
'S-Shkldon. Illustrated. Crown Svo, 5s. 
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Tyll Owlglass' MarreUons and Bare Oonceits. Translated b_ 
Kenneth Macksnzib. Illustrated b; Alfrsd CKOWQUtii^l 
(Lotos Series), 31. 6d. ' 

Tlie Fortunate Lovers : Twenty-seven Novels of the Queek^ 
OF Navakre. Edited by A. Marv F. Robinson. Frontispiece by J 
G. P, JaCOMB Hood. Large crown Soii, loi. 6rf. 

A Profesflor of Alchem?. By Pekcy Ross. Crown 8vo, ^s. 6d. 1 

The Wing of AzraeL By Mona Caied. Crown Svo, 6s. 

Off tlie Skelliga : A Novel. By Jean Ingelow. With Frontia-IJ 
piece. Craaiit Svn, 61. 
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Plncky FeUows : A Book for Boys. By S. T. MacKbnna.| 
With 6 Illustrations. Fi/lh Editisn, Crawn Siw, 3j. bd. 

MoBqnito r A Tale of the Mexican Frontier. By Frances | 
Francis. Crown %va, 3j. f>d. 

The Pillar House. By FLOitENCE Severne. With Frontis- 
piece. Craum Svo, 6/. 

Sylvia, Arden. By Oswald Crawfurd. With Frontispiece. 
Crtnvn Sva, is, ' i 

Within Sound of the Sea. With Frontispiece. Crown Zvo, 6sti 

Castle Blair : A Story of Youthful Days. By Flora L. Shaw, " 

Crown 8ud, 3J. td. 
The Apothecary's Daughters. Translated from the Danish 

ofHEKHlKPONTOPlDDAN.byGORDtnsNiBLSBN. CtOTBH SvO, $1. 6d. 

Scot Free : A Novel. By C. G. Compton. Crown Svo, 6s. 
Ohristr's Inheritance : A London Stoiy. By Florence 

Whitakbr. lUustinted. Xoyal i6inci, it. 6d. 
A Lost Love. By Anna C. Oole. Small crown %vo, af. 6d. 
Through Toniay. A Novel. Crown 8 
The Story of a Friendship. By the Rev. Alfred Gurney^ 

Crown %vO, 51. 

His Heritage. By Linda Gardiner. With Frontispiece. J 

Cruwn &w, 6s, 

Novels by Bosa MQlholland. 



BftTcella araoe : 



n Irish Novel. Crown Siv, ( 



A Pair Bmlerant, With Frontispiece. Croxm Siw, 61, 
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A SenaitiTe Plant : A Novel. By E. and D. Gsrard. 



BIBLIOGRAPHY. 

Periodical Literature, Index to. By W. F. Poole. Third 

Edition. Royal ^s, £Zt 'J^- 6i 
Periodical Literature, Index to. Pint Supplement. By W. 

F. PoOLtt and W, I. Flbtchkr. 1882 to 1887. Reyai^va, £t, i&. 

American Literature, Triibner's BiUlogiaphical Ouide to. 

From 1817 to 1887. &J10, half-bound, lis. 

Dictionariea and Grammajrs, Triibner's Oataloirae of Dic- 
tionaries and GrammaTS of the Principal Languages and Dialects of 
the World. Suond Edition. %vo, 51. 

Mamoiis of Libraries, together with a Practical Handbook 

of Library Economy. By EdWAED EdwARDS. Numeious Illustra- 
tions. 2 Vffls. Royal 8m, £i, 8j. 

Libraries and Founders of Libraries. By Edward Ed- 
wards. gi«7, iSr. 

Free Town Libiaries: Their Formation, Management, and 
HUloiy, with brief notices of Book Collectors, By Edward 
Edwards. 8iw, zii. 

Philobiblon. By Richard dk Bury, Edited by K C. 
Thomas. Crmait %vo, las. td. 

EgTpt and the Soudan, The Literature of: A Bibliograpliy, 

comprising Printed Books, Periodical Writings, and Papers of 
Learned Societies. Maps and Charts, Ancient Papyri Manuscripts, 
Drawings, etc By H. H. Princb Ibrahim Hilmy. 3 veil, demy 

Bibliography of Alchemy. — Lives of Alchemystlcal Philo- 
sophers. With a. Biblioeraphy of Alchemy. By A. E. Waitk. 
81W, loi, 6d. 

Bnwning. — Bibliography of Eobert Browning from 1833 to 
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Swinburne. — Bibliography of Algernon Charles Bvinhnme 

from iSS7 to 1S87. Crvton 8m, vellum, gilt, Ss. 
The OonuteBB of Pembroke's Arcardia. Written by Sir Philip 
Sidney, KuL The original Quarto Edition {1590), in Photographic 
Facsimile, with Bibliograpliical Initoduciion. Edited by H. Oskar 

SOMMER. 

Thacherar, Bibliography of. Saltan Stork, at^d other 

Stories and Sketches, 1829-44, "ow first collected. To which is 
added the Bibliography of Thaclteiay. Large Sdd, IOJ. &/. 

Antianarian Magazine and Bibliographer, The. Edited by 
Edward Walfokd and G. W. Redway. Complete ' ' ' * 
8w. £.z net. 
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GASTRONOMY AND DIET, CHESS MANUALS, 
AND MISCELLANEOUS WORKS. 

Foods. By E. Smith. With nu 
BdUi«ii, Craani Sua, ^s. 

Ourry Cook's Asalatant. By Daniel Santiagoe; 
8ot, u. id. J Paper (ovei-s, u. 

Wholesome Cookery. By Madame Makie de Joncoi 

Fifth EdUion. Crown Sod, W. 6f. ; Papt 

Soups and Stevs, and Choice Ragouts. By Miss Cameron. 

\!.td.; Paper cevin, Ii. 

Luncheon Dishes ; Comprising Menus in French and English, 
as well as Suggestions for Arrangement and Decoration of Table. 
By Mary L. Allen. Fcap. 800, cUtk, 11, 6d.; paper, is. 

Five O'clock Tea : Containing Receipts for Cakes, Savoury 
Sandwiches, etc. Eighth Thousand. Fcap, 8iw, Ij. W; Paper 

Luncheon Dishes ; comprising Menus in French and English, 
as well as Suggestions for Arrangement and Decoration of Table. 
By Mary L. Allen. Fcap. &va, chtk, u. 6d. ; paper coven, 11, 

Little Dinners : How to Serve them with Elegance and 
Economy. By Mary Hoopbr. T-wenty-_firsl Edition. Crvum Sw, 
21. W. 

Cookery for Invalids, Persons of Delicate Digestion, and 

Children. By Mary Hooper. Fifth Edition. Crotvu 8m, is. 6d 
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Every-Day Meals ; Being Economical and Wholesome 

Recipes for Breakfast, Luncheon, and Supper. By Maev Hooper. 
Sevenih Edition. Crtmin Svo, Zs. 6<i, 



Diet in Relation to Age and Activity. By Sir H. Thompson. 

Fcaf. &TIB, Xs. 6d. ; Paper {oners. Is. 

Perfect Way In Diet, The : A Treatise advocating a return 
to Ihe Nalural and Ancient Food of our race. B7 ANNA Kinqspobd. 
Third Edition. Small frvo, zs. 

Bowing at Westminster, 1813-83: Extracted from the 
School Water Ledgers. Crtmin 8iw, 51. 

Elocution, Lectures on, Delivered at King's College. By C. 

J. Plu.mptrb. Fourlh Editien. PostSoo, 151. 

Chess-Player's Text Book, The ; An Elementary Treatise 
on the Game of Chess, By G. H, D. Gossip, Numerous Diagrams. 

Chess Openings. Ancient and Modem. Revised aud Cor- 
rected up lo Ihe Present Time from the best Authorities. By E. 
Frebborough and C. E. Rankbn. Large rail Siv, 71. 6d.- 

Chess Endings : A Companion to Chess Openings, Ancient 

and Modem. Edited and arranged by E, FrEBBOroUGK. Large 

finst Svo, -js. 6d. 
Chess Exemplified in One Hundred and Thirty-two Qames of 

the Most Celebrated Players. By W. J. Grkenwkll. 8™, 51, 
Angling Sesorts near London: The Thames and the Lea. 

By J. P. Whbbldon. Cr^wn SvB, Paper, 11, dd. 

Practical Heraldry : An Epitome of English Armoury. By 

CuAKLRS Worthy. With 124 Illusttations. Crown 8m, ^s. fid. 

Heraldry, English and Foreign. By R. C. Jenkins. With 

a Uictionaiy of Heraldic Terms and 156 lUustrations. Small iivo, 

y. (hI. 
Practical Mercantile Correspondence: A Collection of 

Modern Letters of Business. With Notes. By William Anderson. 

Thirtieth Edition, Revised. Crown %vo, JJ. 6d. 

Mercantile Correspondence: A Collection of Letters in 

PortUEDcse and English, treating of the system of business in the 
principal cities of the world. By W. Anderson and J. E, Tugman. 

peUs Wills, Arranged in Parishes and Annotated, By F. 
W. Wbavbr. .Sto^icw. 6rf. 



78 Kegan Paul, Trench, Triibner, and Co.'s ^ 

Ooidelica : Old and Earlj'-Middle Irish Glosses, Prose 

and Verse. By Whitlby Stokbs. Secmd Edition. Medium 
Siw, iSj. 



Encyclopedia Americana. 4 mh. ^to. j£8, &s. 

Big Veda AmericaiinB. By D. G. Brikton. 8vi 

EsBays of an Americanist. By D. G. Brinton. 

Days with Industrials : Adventures and Experiences amoi^'' 
Cuiious lodustrieE. Bf ALEXANDER H. Japp. With Illastiations. 
CrgwM Sm, 6i. 

Our Railways : Sketches, Histoiical and Descriptive, with 
informiitioii as to Fares and Rates, etc. By Joseph Pabslob. 
Cream Stu, (is. 
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In Cap and (Jown : Three Centuries of Cambridge Wit 
Charles WniBLEv. Stnmd Edition. C/vten Sim, js. 6d. 

Dance of Death, The, in Painring and in Print. By T. 

DALL WiLDBiDGE. With Woodculs. Small 4(0, 31. 6d. 

Cattle Ships: Being the Fifth Chapter 

our Seamen.' By SAMUEL Plimsoll. 
51. ; Citafi EdiliOH, II. 
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By J. A GOODCHILD. Ct 



Myth and Science: An Essay. By Tito Vignoh. Third 
Edition. With Supplementary Nole. CrtnvH Son, $s. [L B. 8. 

Miscellaneous Essays. By H. T. Colebrookk, with Bio- 
graphy by his Son, Sir T. E. Colebrooke. 3 vats. Siw, 421. 

Shut Your Mouth and Save Your Life. By George Catlin 

With 29 Illustraiions. Eighth Ediiimt. Cnrwn 8w, 2i. 6d, 

The Inspection of Meat : A Guide and Instruction Book b 
Officers supervising Contract Meat, and to all Sanitary Inspecti 



With 3? Coloured Plates. By W. Wvlde. 
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Jount Tolstoi ; as Novelist and Thinker ; Lectures delivered 
iit the Royal Institution. By C. E, Turner. Crown 8iw, Jr. 6d. 

Modem Norelists of Russia: Lectures delivered at the 

Taylor Institution, Oiford. By C, E. Turner. Crm«n SvD, 3J. W. 

Characteristics from the Writings of Cardinal HemnaiL 

I Selections from his various Works. Atranged by W. S. Lilly, 

^f Eighth Edition. With Portrait Crown 8iw, fo. 

Hj^* Portrait of the late Cardinal Newman, tnoanted for frDming, 21, 6d. 

'%. Century of American Literature. Benjamin Franklin to 
James Russell Lowell. By HUNTINGTON Smith. Crown 8w, fa. 

OomparatiTe Literature. By H. M. Posnett, Crown 8vo, 

Ss. [I. 8. 8. 

Studies in Literature, 1789-1877. By Edward Dowdek. 
Fourth Edition. Large fost 8™, 6r, 



Seventeenth Century Studies : A Contribution to the History 
, of English Poetry. By Edmund Gossb, Boo, 101. (td. 

Literary and Social Judgments. By W. R. Gkeg. Fourth 
Edition. 2 vols, croivn Siw, 151. 

Winding Way, The. By J. S. Fletcher, Crown Svo, 6s. 

Life's Oreateet Possibility. An Essay in Spiritual Realism. 

Eca/>. Svo, 2s, W. 

Gardencraft, Old and New, By John D. Sedding. With 
Memorial Notice by the Kev. E. F, RussBLL, 16 Illuslrations. 
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Antluropological Institate of Oreat Britain and Ireland' 

JournaUf. Quarterly. 5.. 

Asiatic Society of Bengal, Journal of. Svo ^s. per number. 

PioceedingB, is. per umber. 

Asiatic Society, Royal. Bombay Branch. Journal. — Irregular. 
Asiatic Society, Royal. Ceylon Branch. Journal, — Irregular. 
Asiatic Society, Royal. China Branch. Journal. — Irregular. 
Asiatic Society, Royal. Straits Branch, Journal. — Irregular. 
Bibliotbeca Sacra. Quarterly, jj, 6rf. Annual Subscription, 14J. 
British Chess Magazine, Monthly, 91/. 
Calcutta Review. Quarterly, 6j, 
Geological Magazine, or Monthly Journal of Geology, m. bd. 

Annual Subscript ion, iSi. 
Index Medicus, A Monthly Classified Record of the 

Current Medical Literature of the World. Annual Subscription, 50J. 
Indian Antiquary. A Journal of Oriental Research in 

Arclucology, History, Literature, Languages, Philosophy, Reli^rt, 

Folklore, elc. Annual Subscriptioa,^2. 

Indian Evangelical Review. „ loj. 

Orientalist, The. Monthly. „ izj. 

Meister, The. Journal of the Wagner Society. Irregular, 6j. 
Orthodox Catholic Review. Irregular. 
Philological Society, Transactions and FroceedingB of. 

Irregular. 

Psychical Research Society, Proceedings. Irregular, 
Sanitarian. Devoted to the Preservation of Health, Mental 

and Physical Culture. Monthly. Annual Subscription, 

Science. Weekly. „ £,\y 

Scientific American. Weekly. „ 

Export Edition. Monthly. „ £,\, 

Building Edition. Monthly. „ 

Supplement. Weekly. „ £^\, 

Tropical Agriculturist. Monthly. „ ^i, 6j, 

Parents' Review. Monthly, (id. 
Snn Artists. Quarterly, sr. 
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